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PREFACE 


I N every commercial flate, any work that has for its ob-f 
je6t the improvement of the art of Navigation, will al- 
ways be favourably received; and fhould it not in all re- 
fpecls anfwer the public expectation, the author may (till 
have fome claim to indulgence, from his good intentions, 
and having exerted his belt abilities for the good of his 
country. With this view, the author of the following 
treatife has bellowed much time and labour to render it as 
complete and as generally ufeful as poffible ; and tho’ he 
has not the vanity to imagine it to be by any means a per- 
fect work, he has yet been flattered, that it may be of fer- 
vice to Navigation, and therefore not altogether unwor- 
thy of the notice of the public. He ventures then to fub- 
init it, with much diffidence, to their judgment, and if it 
fliall be found any ways deferving of fuch a chara&er, he 
will efleem their approbation his highefl and befl reward. 
Should this be the cafe, he may be encouraged, at a fu- 
ture period, to offer fome opinions on the mechanical 
conftruftion of fhips — an ancient art, but perhaps lefs im- 
proved by long experience than any which we now 
cultivate with fo much fuccefs. 

It is well known, that altho’ the courfe and diflance . 
between any two places, whole latitude and longitude are 
accurately fettled, may be afeertained with the greateft 
precifion ; yet a fhip at fea is fo liable to be put out of 
the proper courfe, by florms, contrary winds, currents, 
&c. that after all reafonable allowance is made for the 
errors arifing from thefe caufes, the place of the fhip by 
account is very feldom found to agree with the real place, 
or that deduced from obfervation the difference* frequent- 
ly amounting to feveral degrees. It is therefore obvious, 

A that 
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that the fhip may be expofed to the greateft hazard, when 
the feamen think themfelves mod fecure, and from this 
appears the abfolute neceflity of taking obfervations, when 
opportunity offers, for obtaining with accuracy the true 
place of the fhip. 

At fea, the latitude of the fhip is eafily deduced either, 
from the meridian altitude of the Sun, or from that 
of a Star or Planet, or from double, treble, &c. altitudes 
of any of thefe objedts; but withregard to the longitude, a 
moredifficultoperationbecomesnecellary. At land, indeed, 
the longitude of any place may be found with very little 
trouble by feveral methods, particularly by the eclipfes 
of Jupiter’s fatellites ; and the longitude at fea might be 
found by this method with the fame facility, provided a 
telefcope pofTeffed of a fufficient magnifying power could 
be employed. Attempts to render a telefcope manage- 
able at fea have been made by Dr Irwin and others, and 
an inftrument for this purpofe is defcribed in Rutledge’s 
“ Theorie Aftronomique”. A telefcope, however, with 
a fmall magnifying power, may be ufed at fea in moderate 
weather, and fince even with fuch an inftrument, folar 
eclipfes and occultations may be often obferved with tole- 
rable accuracy, and confequently the longitude afcertaiu- 
ed from fuch obfervations, they ought never to be neglect- 
ed, when the fhip is not in fight of land, or upon an un- 
known coaft. The calculations, indeed, which neceflarily 
attend thefe methods, feem to be confidered as too labori- 
ous and difficult for the generality of feamen, and there- 
fore the method by obferving the diftance between the 
Moon and Sun or a fixed Star, is now commonly preferr- 
ed, both on recount of its fuperior facility, and that it can 
be pradtifed at fea almoft as often as necefi'ary. Yet, as 
even this method is attended with a calculation by many 
thought troublefome, various ways have been propofed, 
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to ihorten as much as poflible the operation for reducing 
the apparent to the true dtftance, and it is now accordingly 
reduced to a tolerably fimple computation. By this me- 
thod, the longitude may in moft cafes be determined with- 
in half a degree, (which at fea is efteemed no very great er- 
ror,) and if the calculations are accurately performed, from 
the mean of feveral fets of good obfervations, taken at 
fhort intervals of time, the error will perhaps be greatly 
diminifhed. 

If a chronometer or timekeeper could be conftruded, 
fo as to go uniformly when placed in every different 
pofition, and under different degrees of heat, then would 
this method of finding the longitude at fea be a moft 
valuable acquifition to the navigator. Indeed fome of 
our ingenious countrymen have brought this art to 
a degree of perfection formerly unknown ; and every 
perfon acquainted with the principles of watchmaking muft 
highly admire the accuracy of Harrifon’s timekeeper. 
Thofe made by Arnold and Kendal are alfo excellent; but 
it is to be hoped, that inftruments of this kind may be 
ftill farther improved, and may be afforded much cheap- 
er than at prefent, for the high price alone is a very great 
objection to them, and very much prevents their being 
more generally ufeful. It is well known, that every chro- 
nometer hitherto contrived is fubjeCt to irregularities; the 
fmalleft fhock is found to affect them, and the rate of go- 
ing is found to be altered by changes in the atmofphere, 
even tho’ provided with thermometer pieces. Upon this 
and other accounts therefore, their accuracy is very much 
to be fufpeCted, fo that at prefent they are chiefly ufed for 
experiment, or to conned obfervations, for which pur- 
pofe they certainly make a valuable appendage to a fet of 
nautical inftruments. 

The following work, which contains the methods of 

find-* 
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finding the longitude already mentioned, and alfo thofe 
from which any advantage can be derived for the folu- 
tion of this important problem, is divided into two 
volumes, and the firft volume is divided into fix books. 

The firft book contains the general principles neceffary 
for a proper knowledge of the fubjedt. 

Book fecond contains the defcription, rectification, and 
ufe of the Quadrant, Sextant, and Circular Inftrument, 
in their prefent improved ftate — aifo, an account of the 
corrections to be applied to the obferved altitude of any 
celeftial objedt, in order to reduce it to the true altitude. 

In book third is contained a complete fyftem of lunar 
obfervations, with an introductory account of this me- 
thod of finding the longitude at fea. It alfo contains 
a new method of finding the longitude of a fhip at 
fea, together with the apparent time from the fame fet 
o v f obfervations — for which the author had the honour of 
receiving the thanks of the Board of Longitude. 

Book fourth contains various methods of finding the 
longitude of a place, fome of which, though l'carcely prac- 
ticable at fea, are yet perhaps the very beft for determin- 
ing the longitude of any place at land. Thefe are, by the 
Moon’s tranfit over the meridian, by lunar eclipfes, folar 
eclipfes, occultations of fixed ftars by the Moon, eclipfes 
of the fatellites of Jupiter, by a Chronometer, and by the 
Variation Chart. 

Every treatife muft be confidered as defective, wherein 
rules are given without demonftrations, and this is parti- 
cularly the cafe with mod books on the fubjedt of navi- 
gation, probably becaufe feafaring people in general are 
very much indifferent as to the rationale of any rule given 

for 
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for obfervation, provided it holds good in practice. 
On the other hand, it not unfrequently happens, that to 
perfons not very fond of mathematical invefligations, the 
rule and demonflration, following each other in regular 
order, may be difagreeable. For thefe reafons, and to 
gratify the fcientific feaman in the prefent highly improv- 
ed Hate of nautical knowledge, the demonflrations of the 
rules and formulae are feparately inferted at the end of the 
work in the fifth book. And, in order to render this 
work ftill more generally ufeful, there is farther added to 
what was originally propofed, book fixth, containing va- 
rious methods of finding a (hip’s latitude, and the varia- 
tion of the compafs. 

Volume fecond contains the tables, along with the ne- 
ceffary explanations. 

This work, therefore, it is hoped, will be found to 
comprehend a collection of the befl methods of making a^d 
reducing all forts of obfervations neceffary to be made at 
fea, for afcertaining a (hip’s place, or for reducing the true 
courfe between any two places to the courfe per compafs, 
or for correcting the courfe fleered. The author however 
flatters himfelf, that it will not be confidercd merely as a 
compilation from the works of others, but that the intel- 
ligent reader will difcover in various parts of it, forne things 
that are at ltafl new and of his own invention (whatever 
other merit they may poflefs) and in every part of it, a 
fuitable plainnefs and perfpicuity of flile, and a warm zeal 
for the improvement of one of the noblefl and mod ufeful 
of human arts. In a word, he has beftowed his befl en- 
deavours to render his work worthy the notice of the na- 
vigator and aflronomer, as well as in fome refpeCts of the 
practical geographer and furveyor, and worthy of the 
patronage of thofe refpeCtable individuals who have ho- 
noured the author with their fubfcriptions. 
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Explanation of Characters. 

The fign + (plus) fignifies Addition. 

— (minus) — Subtraction. 

X or (.) — Multiplication. 

■— — Divifion. 

— The Square Root. 

6 — ■ Conjunction, 

g — Oppofition. 

The planetary characters are alfo ufed to reprefent the days of the 
week — thus, 

© denotes Sunday, D Monday, g* Tucfday, 

$ — Wednefday, VI Thurfday, ? Friday. 

I ) — Saturday, 


Owing to the Author's great dijlancc from the prefs , ana other cir- 
tumjlances , during the time this work was printing , a few errors, 
principally typographical , have efcaped notice. Thofe already ohferved 
ere marked in the following table of errata — which , it is intreated, the 
reader will be pleafed to correB. 

ERRATA. 

J*age 7 line 31 for as are read are as 

14—23 — (fig. 4) — (fig- 3) 

1* s’ 

J 56 18 15 ® 36 ' 45" — S IJ°46'4J"— T 

92 — 13 — fine — fecant 

309 — 2 — the obfervation — an obfervation 
308 — 23 cancel the word true 
108 — 27 — arc firft — arc fecond 

X08 — 28 — arc fecond — arc firft 

Q17 — 26 — -f- b. 2 — + L* *. • 

332 — 22 — fame the — fame time, the 
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THEORY. and PRACTICE 

OF FINDING THE 

LONGITUDE at SEA or LAND. 


BOOK I. 

CONTAINING, 
The Principles of the AJlrommical Methods oj 
. Sea or Land. 


CHAP. I 
Of the Figure and Magnitude 

W ITHOUT a previous knowledge of the figure and magni- 
tude of the Earth, the places of the Heavenly Bodies could 
not be accurately fettled, from obfervations made on its furfuce; and 
therefore computations, m%de from obfervations of thefe bodies, 
could not be depended on for afcertaining the fituation of places on 
the Earth ; hence the necelfity of knowing both the figure and mag- 
nitude of the Earth is apparently obvious. 

The opinions of the antients concerning the figure of the Earth 
■were various — the moft prevailing one being, that it was an extend- 
ed plane; fome imagined it to be of a cylindric form, others, that 
it refembled a canoe, and a few fuppofed it fpherical; but the dis- 
covery of its real figure was left to the illuftrious Sir Ifaac Newton. 
The following are a few of the arguments commonly ufed to prove, 
that the figure of the Earth is either fpherical, or nearly fo. 

L 

The firft who attempted to circumnavigate the earth was Ferdi- 
nand Magellan, a Portuguefe. He failed from Seville, Auguft 10, 
1519, was killed on the ifland of Sebu; and one of his veflels arriv- 
ed at St Lucar, near Seville, Sept. 7, 1522. Since that time, the 
circumnavigation of the Earth has been performed, at different times, 
by Sir Francis Drake, Lord Anfon, Captain Cook, and others — 

B who 
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who, by failing in a wcflerly direction, allowance being made for 
promontories, &c. arrived at the country they failed frojn. Hence the 
Earth mufl either be of a cylindric or globular figure; but it cannot 
be in the form of a cylinder, becaufe then the difference of longitude 
and meridian diftance between any two places would be equal, 
which is contrary to obfervation; the figure of the Earth therefore 
is fpherical. 

II. 

Lemmata. — iff. The diftance of the nearefl fixed ftar, when 
compared with the magnitude of the Earth, is fo itnmenfe, that rays 
flowing therefrom to any two points on the furface of the earth, 
are phyfically parallel. 

2d. If in a curve, the arches are proportional to the correfpond- 
ent angles, it is a circle. 

Now', if the Earth was an extended plane, the meridian zenith 
diflance of any given fixed flar would be the lame in all places of the 
Earth, by lemma iff; but it is found to be variable, and in fnch a 
manner, that the difference of the meridian altitudes of the fame 
ffar is proportional to the intercepted arch of a meridian ; that meri- 
- dian muff therefore be circular — and fince this is found to be the 
cafe in every part of the Earth, therefore, by lemma 2d, its figure 
muff be fpherical. 

III. 

Lemma. If the fhadow of any body, when turned in every pofi- 
tion with refpeCl to the luminous body, be circular, when project- 
ed on a plane perpendicular to the line joining the centers of both, 
the body itfelf is a fphere. 

Now fincc a lunar eclipfe arifes from the paffage of the moon thro’ 
the fhadow of the Earth, and as the portion of the Earth’s fhadow 
projected on the lunar dife is always circular, in every different pofi- 
tion of the earth, therefore the figure of the earth muft be that of 
a fphere. 

IV. 

When diflant fhips are viewed with a telefcope, the lower parts 
are found to be hid by the interpofed water, and more or lefs is vi- 
fible, according to the diftance. The fun is obferved fooner at ris- 
ing, and later at fetting, by a perfon at the mall-head, than by one 
on deck. In making the land, the molt elevated parts are firft feen; 
and the lower parts become vifible, as the land is approached. — 
Thefe phenomena evidently arife from the fpherical figure of the 
Earth, and therefore lerve to prove the Earth to be of that figure. 

V. 

The appearance of the fun for a continuance of feveral months 
above the horizon, in the neighbourhood of one pole, and that in 
proportion to the diflance of the place therefrom, while at a place 

equally 
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equally diftant from the other pole, the fun is as long abfent — is 
another proof that the earth is fpherical. 

VI. 

The planets that have been hitherto difcovered are obferved to 
be globular; the Earth is alfo a planet, fubjedt to the fame laws, 
and revolving round the fun in the fame manner as the other plan- 
ets — therefore, by analogy, the Earth muft alfo be globular. 

Although it appears from the foregoing proofs, that the earth is 
of a fpherical figure, yet it is not a perfect fphere, but an Oblate 
Spheroid,* which is a folid generated by the rotation of a femi-el- 
lipfe about its Ihorteft axis. The circumltance that gave rife to the 
knowledge of its fpheroidal figure, was Richer’s celebrated experi- 
ment, made by order of the Royal Academy of Sciences of Paris, 
at the ifland of Cayenne, in the year 1672, “ That a pendulum of 
“ the fame length vibrates flower at the equator, than in France.’* 
This naturally refults from the rotation of the Earth ; but the differ- 
ence being greater than what fhould have arifen from the excefs of 
the centrifugal force at the equator above that in France, excited 
the curiofity of Newton and Huygens, who enquiring minutely into 
the caufe of this phenomenon, fhewed that it refulted from the ro- 
tation of the earth about its axis, combined with its fpheroidal figure; 
and Newton fuppofing the Earth to afliime the fame figure that a 
homogeneous fluid would take under like circumftances, computed 
the ratio of the equatorial diameter to the axis of the earth to be as 
230 : 229. The ratio deduced from adtual menfuration feems to 
confirm the above computation. 

The determination of the magnitude of the Earth feems to have 
engaged the attention both of ancient and modern aftronomers and 
mathematicians, and though the conclufions of the ancients differ 
very confiderably, yet the meafures taken within the lafi 120 years, 
near the fame place, agree very well. 

The only perfon in England who performed this problem with 
any tolerable degree of accuracy, was Mr Richard Norwood, of 
which an account is given in his “ Seaman’s Pradtice” — the fub- 
flance of which is as follows. In the year 1633, he obferved the ap- 
parent meridian altitude of the fun, at the time of the fummer folflice, 
near the Tower of London ; and June u, O. S. 1635, he obferv- 
ed the fun’s apparent meridian altitude, near the middle of the city 
of York ; from whence he found the difference of latitude between 
thofe places to be 2 0 28'. Now this being compared with the dif- 
ference between the parallels of latitude of thofe places, deduced 
from adtual menfuration, which was 9149 chains of 99 feet each, he 

B 2 found 

* From obfervations made in different parts of the Earth, it would appear, that its 
figure is not that of a regular lphcrotd. 
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found that one degree contained 367196 EnglHh feet. However, 
as Norwood paced fome of his diftances, the above meafure is there- 
fore only an approximation to the truth. In order to obtain a more 
accurate folution to this problem, menlurations have been taken by 
feveral French aftronomers and mathematicians, particularly by 
Meffrs Picard, Cafiini, Maupertuis, de la Caille, Bouguer, &c. — 
The near agreement of their meafures taken at the fame place, is a 
confirmation of the accuracy of their operations •, and the comparifon 
of their meafures taken at different places confirms Newton’s theory 
of the fpheroidal figure of the earth. 

The method ufually praftifed to find the length of a degree is, to 
Ineafurea bafe, as accurately as poflible, of about one tenth of the 
portion of the meridian intended to be meafured, and nearly in the 
middle of that portion, from which a feries of triangles is to be ex- 
tended, ending at the two extreme flations, from which the arch of 
the meridian intercepted between the parallels of thefe flations is to 
be computed. At each extreme - flation,' the zenith diftance of one 
or more Bars is to' be obferved, and corrected for the preceflion, 
aberration,' nutation, &c — then the difference between the zenith 
diftances of the fame ftar gives the correfpondent celeftial arc. Now, 
As the celeftial arc 
Is to one degree, 

Sois theinterval between thetwoparallels deduced from menfuration 
To the length of a degree in the fame meafure. 

In the year 1756, the Royal Academy of Sciences of Paris ap- 
pointed eight aftronomers to meafure the length of a degree between 
Paris and Amiens. Thefe gentlemen divided themfelves into two 
companies, and each company meafured a bafe feparately. — The 
refult of their menfurarions gave 57069 toifes for the length of a 
degree; now fince toy French feet are equal to 1 Engli/h feet, 
and 880 fathoms are contained in an Englifh mile, therefore the cir- 
cumference of the Earth, expreffed in Englifh miles, is equal to 

57069x114x560° 57069x57x9 „ TT , r . 

— — 2 — -Tj— = — — = 24875. Hence alfo one de- 

107x880 107x11 

gree contains about 69.09 Englifh miles, and a nautical or geogra- 
phical mile contains 6080 feet. 

For the purpofe of afeertaining the diftance run by a fhip in any 
given time, a half minute glafs is commonly ufed, and a line divid- 
ed accordingly; and fince half a minute is the 120th part of an hour, 
therefore the interval between two adjacent knots on the line fhould 

be = ( ' ) °^° = Co feet 8 inches ; but becaufc it is fafeft to have the 
120 J 

reckoning a-head of the fhip, 48 feet are therefore commonly allow- 
ed to a knot. If this interval was decimally divided, the computation 

would 
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•would be rendered more accurate. We (hall only further obferve, 
that the glafs (hould run 29 s", in (lead of 30", half a iecond being 
allowed for the time taken in turning the glafs. 


CHAP. If. 

Definitions, Principles, &c. 

D AT and Night arife from the circUmrotation of the Earth. 

•That imaginary line about which the rotation is performed is 
called the Axis, and its extremities are called Poles. That towards 
the moll remote parts of Europe is called the North Pole, and 
its oppofite the South Pole: the Earth’s axis being produced will 
point out the Celeftial Poles. 

The Equator is a great circle on the Earth, every point of which 
is equally diftant from the poles; it divides the Earth into two equal 
parts, called Hemifpheres; that having the North Pole in its center 
is called the Northern Hemif’phere, and the other the Southern He- 
mifphere. The plane of this circle being produced to the fixed flars, 
will point out the celeftial Equator or Equinoftial. 

The Meridian of any place, is a femi-cirde palling through that 
place, and terminating at the poles of the Equator. 

The Latitude of any place, is that portion of the Meridian con- 
tained between the Equator and given place. It is either North or 
South, according as the given place is in the Northern or Southern 
Hemifphcre, and therefore cannot exceed 90°. 

The Parallel of Latitude of any place, is a circle palling thro’ 
that place parallel to the Equator. 

The Difference of Latitude between any two places, is an arch 
of a meridian intercepted between the correl’ponding parallels of la- 
titude. Hence if the places ly between the Equator and the fame 
pole, their difference of latitude is found by lubtrafling the lefs lati- 
tude from the greater; but if they ly on oppofite fides of the equa- 
tor, the difference of latitude is equal to the fum of the latitudes of 
both places. 

The First Meridian is an imaginary femi-cirde palling through 
any remarkable place, and is therefore arbitrary. Thus the Ilritifh 
efteem that to be the firft Meridian which gaffes through the Royal 
Obfervatory at Greenwich, and the French reckon their firft Meri- 
dian that which paffes through the Royal Obfervatory at Paris, tho’ 
formerly it was that which palled through the illand of Ferro. In 
any other country, the firft Meridian is generally efteemed that 
which palfes thro’ the principal obfervatory, or chief city in that 
country. 

The 
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The Longitude of any place, is that portion of the Equator which 
is contained between the firft meridian, and the meridian of that 
place; and is ufually reckoned either eaft or weft, according as the 
given place is on the eaft or weft fide of the firft meridian, and there- 
fore cannot exceed 180°. 

The Difference of Longitude between two places, is the inter- 
cepted arch of the equator between the meridians of thofe places, 
and cannot exceed 1 8o°. 

In order to illuftrate the preceding definitions, let Pp (fig. ift) 
reprefent the axis of the earth, EQjhe equator, and PAp, PBp, the 
meridians of any two places, A and B; then the portion AF,- of the 
meridian of the place A, contained between it and the equator, will 
be the latitude of that place; in like manner the intercepted arch BG 
of the meridian PBp will be the latitude of the place B; and the 
portion AH or BI, of the meridian palling thro’ either of thofe places, 
contained between the parallels of latitude KAIL, MHBN, will 
be the difference of latitude; — hence it is evident, by inipeflion of 
the figure, that the difference between the latitudes of any two places 
is equal to the difference or fum of their latitudes, according as the 
given places are in the fame, or contrary hemilpheres. Again, let 
PRp be the firft meridian, then the arch of the equator RF con- 
tained between the firft meridian and the meridian of the place A, 
is the longitude of that place; RG is the longitude of the place G, 
and FG the difference of longitude of thofe places; whence it is ap- 
parently obvious, that the difference of longitude between any two 
places is equal either to the difference or turn of the longitudes of 
thofe places, according as they are on the fame, or on contrary 
fides of the firft meridian. 

There are three different Horizons, the apparent, the sensible, 
and the true.* The apparent or vifible Horizon is that which 
limits the view of an obferver. The lenfible is a plane parting thro’ 
the eye of an obferver, perpendicular to a plumb line, fufpended at 
his eye, and hanging freely — and the true or rational Horizon is a 
plane palling through the center of the earth, parallel to the fenfible 
horizon. 

Altitudes obferved at fea are meafured from the vifible horizon. 
At land, when an aftronomical quadrant is ufed, or when obferva- 
t'.ons are taken with a Hadley’s quadrant by the method of rerteftion, 
the altitude is meafured from the fenfible Horizon; and in either cafe 
the altitude mull be reduced to the true Horizon. 

The Zenith of any given place, is the point immediately above 

that 

• It may -be alfo nerettary to roemion another horizon, which may be called the 
Rfduced Hoiuzon. This is a plane patting through the Earth's center, perpenjicu* 
lor to the radius anfwcring to the reduced place of obfervation. 


_ Digitized by Google 



( 7 ) 

that place, and is therefore the elevated pole of the horizon : the 
Nadir is the other pole or point diametrically oppofite. 

A Vertical is a great circle palling through the Zenith and 
Nadir, and therefore interlefting the Horizon at right angles. 

The Altitude of any celeftial body, is that portion of a Vertical, 
which is contained between its center and the true Horizon ; the Me- 
ridian Altitude is the diflance of the objeft from the true Horizon, 
when on the meridian of the place of observation; when the obferv- 
ed altitude is corrected for the deprelEon of the Horizon, and the er- 
rors arifing from the inflrument, it is called the Apparent Altitude; 
and when reduced to the true Horizon, it is called the True Altitude; 
altitudes are exprefled in degrees, and parts of a degree. 

The Zenith Distance of any objeft, is its diftance from the 
zenith, or the complement of its altitude, 

The Declination of any objeft, is that portion of its meridian, 
■which is contained between the equinoftial and center of the objeft, 
and is either north or fouth, according as the flar is between the 
equinoftial and north or fouth pole. 

The Right Ascension of a ftar, is the arch of the equinoftial 
intercepted between its meridian and the vernal equinox, and is 
reckoned eaflwards. 

The Ecliptic is that great circle in which the annual revolution 
of the earth round the lun is performed. The inclination of the 
ecliptic and equinoftial is at prefent about 23 0 28'; and by compar- 
ing ancient with modern obfervations, the obliquity of the ecliptic 
is found to be dimmifhing, which diminution in the prefent century 
is about half a fecond yearly.* 

The Ecliptic, like all other circles of the fphere, is divided into 
360°, and is further divided into 1 2 equal parts, called Signs ; 
each fign therefore contains 30°. The names and charafters of thefe 
figns as are follow. 

Aries, < V“ Cancer, es Libra, Capricornus, Vf 

Taurus, a Leo, SI Scorpio, rq Aquarius, — 

Gemini, n Virgo, hr Sagittarius, f Pifces, X 

Since the ecliptic and equator are great circles, they therefore 
bifeft each other in two points, called the equinoftial points. The 
fun is in one of thefe points in March, and in the other in Septem- 
ber 


• It is alfo fuhjeft to two periodical inequalities; the firfi. arifing from the attrac- 
tion of the fun, is completed in fix months, the maximum of which is only half a fe- 
cond; the ether, called the Nutation of the Earth’s Axis, is completed in a revolution 
of the Moon’s nodes, or tS years 114 days, and is ufoally represented by fuppofing the 
pole of the Earth to deferibe the periphery of an ellipfc, in a retrograde manner during 
a period ot the Moon’s nodes, the greater axis being in the folllitial colnre, and eqtul 
to 19".!, and the leall axis, in the equinoftial cal me, and equal to 14". a. 


Digitized by Google 


. ( 8 ) 

ber; hence the firft is called the Vernal, and the other the Autumn- 
al equinox, and that fign which begins at the vernal equinox is call- 
ed Aries. Thofe points of the ecliptic which are equidiftant from 
the equinoxes, and therefore moft diftant from the equator, are 
called Solftitial Points; the firft, thefummer, and lecond the winter 
lolftice. When the fun enters Aries, it is in the equator, and there- 
fore has no declination — from thence it moves forward in the eclip- 
tic according to the order of the figns, and advances towards the 
north pole by a kind of retarded motion till it enters Cancer, and 
is then moil: diitanr from the equator; and moving forward in the 
ecliptic, the fun apparently recedes from the north pole with an ac- 
celerated motion till it enters Libra, and being again in the equinoc- 
tial has no declination; the fun moving through the figns, Libra, 
Scorpio, and Sagittarius, enters Capricorn, and then its fouth de- 
clination is greateft, and is therefore moft diftant from the north 
pole, and moving forward thro’ the figns Capricorn, Aquarius, and 
Pifces, again enters Aries — hence a period of the ieafons is com- 
pleted, and this period is called a Solar Year. 

The figns Aries, Taurus, Gemini, Cancer, Leo, and Virgo, are 
called Northern Signs, becaufe they are contained in that part of the 
ecliptic which is between the equinodlial and north pole, and there- 
fore while the fun is in thefe figns, its declination is north; the other 
fix figns are called Southern Signs. The figns in the firft and 
fourth quarters of the ecliptic are called Afcending Signs, becaufe 
while the fun is in thefe figns, it approaches the north pole, and 
therefore in the northern temperate and frigid zones, the fun’s me- 
ridian altitude daily increafes, or, which is the fame, the fun afeends 
to a greater height above the horizon every day. The figns in the 
fecoud ancf third quarters of the ecliptic are called Defcending Signs. 

The Tropics are circles parallel to the equator, whofe diftance 
therefrom is equal to the obliquity of the ecliptic. The northern. 
\ tropic touches the ecliptic at the beginning of Cancer, and is therefore 
called the Tropic of Cancer; and the fouthern tropic touches the 
ecliptic at the beginning of Capricorn, and is hence called the Tropic 
of Capricorn. 

Circles about the poles of the equator, parting thro’ the poles of 
the ecliptic, are called Polar Circles; therefore the diftance of 
each circle from its refpeflive pole is equal to the inclination of the 
ecliptic and equator. That circle which circumfcribes the north 
pole is called the Artie, or North Polar Circle, and that towards 
the fouth pole, the Antartic or South Polar Circle. 

That femicirde which parties through a ftar, or any given point 
in the heavens and the poles of the ecliptic, is called a Circle of 
Latitude. 

The 
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The Reduced Place of a ftar is that point of the ecliptic, inter- 
fered by the circle of latitude palling thro’ that ftar. 

The Latitude of a ftar is that portion of the circle of latitude 
contained between the ftar and its reduced place, and is either north 
or fouth, according as the ftar is between the ecliptic, and the north 
or fouth pole thereof. 

The Longitude of a ftar is that portion of the ecliptic contained 
between the vernal equinox and the reduced place of the ftar. 

Let the circle PEQjfig. 2.) reprefent the folftitial colure, EQ^the 
equator, Pp its poles, as Cf the ecliptic, whole poles are Rr, and S the 
pofition of a ftar with refpeft to theie circles ; then is AS the declin- 
ation, and ty A the right afcenfion of the ftar; Bis its reduced place* 
hence BS is the latitude, and tB the longitude of the ftar. 


C H A P. r HI. 

Of the Fixed Stars. 

T HE Fixed Stars are fo named, becaufe they are obferved to 
retain their places with refpeft to each other. Some ftars ap- 
pear of a fenftble magnitude to the naked eye, but when viewed 
through a telefcope, feem only as lucid points, without any appa- 
rent diameter; hence their immenle diftance from the folar lyftem is 
inferred, and confequently they emit their own light, otherwife 
they would be invifible. — It is therefore reafonable to fuppofe 
them fo many funs, diffufing light and heat to planets revolving 
round them. 

The number of fixed ftars appears very confiderable to a per fort 
who looks confufedly at them; but .from a due contemplation ie 
will be found, that without the affiftance of a telefcope there cant 
very feldom be more than a thoufand feen above the horizon at the 
fame time. 

The ftars, with refpeft to their apparent fplendour, arc divided 
into orders, called MJgnitudes. The brighteft are called ftars o£ 
the Firft Magnitude; the next to thefe in fplendour, ftars of the Se- 
cond Magnitude, and fo on to thofe which are juft perceptible to the 
naked eye, and which are called ftars of the Sixth Magnitude. — 
Thofe which cannot be difeerned without the affiftance of a telefcope, 
arecalledTelefcopicStars, and are divided into orders of the Seventh, 
Eighth, Ninth, See. Magnitudes accordingly. We are not, how- 
ever, to infer from this, that the ftars can be exaftly reduced to one 
or other of thefe magnitudes, for the ftar * Aquilte is reckoned by 
Lome to be of the firft magnitude, and others efteemit of the lecond; 
hence thofe ftars, whofe magnitudes are doubtful, are generally 
marked in catalogues as partakingof both magnitudes — thus * Aquilx. 
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is marked 1.2, fignifying, that it is either of the fir if or fecond, or 
rather between thefe magnitudes; and > Scorpionis is marked 3.4, 
as being between thefe magnitudes. From what has been faid of 
the magnitudes of the ftars, we are not to loppofe that their fizea 
are in the ratio of their apparent magnitudes ; they may perhaps be 
nearly of the fame bulk, but the apparent magnitude of a ftar de- 
pends on its diftance. 

The ftars, for the purpofe of finding any one more readily, are 
divided into parcels called Constellations. Thefe, in order to 
alfift the imagination, are fuppofed to be circumfcribed with fome 
known figure, as that of a man, woman, (hip, fextant, &c. and 
thofe ftars which lie between conftellations, are called Unformed 
Stars. As it would be an endlcfs talk to give a proper name to 
each ftar, it has therefore been cuftomary to mark the ftars of each 
conftellation with the letters of the Greek alphabet, in l'uch a man- 
ner, that the firft letter is prefixed to the brighteft ftar, the fecond 
letter to the next in brightnefs, and fo on. 

The celeftial fphere is ufually divided into three parts, the Zodiac, 
and the Northern and Southern Hemispheres. 

The Zodiac extends to about 8° on each fide of the ecliptic, and 
contains the orbits of all the planets. The number of conftellations 
in the Zodiac are 12, and they ftill retain their ancient names, 
or thofe of the figns of the ecliptic, altho’ confiderably removed 
from the places they formerly occupied, in refpeift of the equinoctial 
points. There are 36 conftellations in the Northern Hemifphere, 
and 32 in the Southern; and confequently 80 in all. The number 
of ftars of the firft magnitude in the Zodiac and both Hemifpheres 
amounts only to twenty. 

By comparing the lengths of a fidereal and folar tropical year 
■with each other, the former is found to exceed the latter by 20' 25!". 
Hence the interfeftion of the ecliptic and equator, moves in a retro- 
grade direction, about 5o".338 of a degree yearly — therefore, a re- 
volution of the equinoClial points will be completed in about 25746 
years; this is called the Annus Magnus, or Great Year. 

Since the equator changes its pofition with refpeCt to the ecliptic, 
its axis will alfo be changeable; and its poles, during the annus 
xuagnus, will complete a period in a circular, or rather fpiral 
orbit — therefore on this account, the longitude, right afeenfion, and 
declination of every ftar will be variable, and confequently the pole 
of the equator cannot always be direCled to the fame ftar, or, which 
is the fame, no ftar can remain at or near the pole of the equinoftial, 
for any confiderable fpace of time. The ftar which at prefent is 
neareft the north pole is Alruccabah, a ftar of the fecond magnitude, 
and the laft in the tail of the conftellation of Urfa Minor; the latitude 
ofthisftaris 60° 4' 50", and mean longitude, at the beginning of 
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S792, > s 85° 39' 23". Now the neareft: approach of tliis ftar to the 
pole will be, when it is in the fir II of Cancer — which accordingly 
happens in the year 2102, at which time its diftance from the pole 
will be about 29' 47''. And ftnee the fixed ftars complete a revolu- 
tion about the axis of the ecliptic in 25746 years, therefore any giv- 
en fixed ftar will perform half a revolution in half that time, and 
confequently if that ftar was before at its neareft appulfe to the pole, 
it will now be the moft remote from It polfible; therefore 12873 
years after the year 2102, that is, in the year 14975, the prefent 
pole ftar will be 45 0 23' 16" diftant from the pole. 

By this motion of the fixed ftars it follows, that the zodiacal con- 
ftellations have not retained tbeir places with refpetft to the vernal 
equinox, but feem to have moved in confequentia, or towards the 
eaft, almoft a whole fign, fince the time of Hipparchus; fo that the 
conftellation Aries is now where Taurus then was, Taurus where 
Gemini, &c. However, to avoid confufton, the fpaces formerly 
occupied by the zodiacal conftellations ftill retain their ancient names, 
and are called Anastra, or without their former ftars, whereas the 
fpaces they now poflefs are called Steli.ata. 

Befides the motion of the ftars arifing from the receffion of the 
equinoftial points, it is found by obfervation, that many alter their 
pofition with refpeft to the adjacent ftars; and this change of place 
is called the Proper Motion of the ftars. The proper motion of 
Sirius, Caftor, Procyon, Pollux, Regulus, Arfturus, and « Aquilre, 
in 100 years, in right afeenfion, according to Dr Mafkelyne, are re- 
fpeftively 1' 3'', 28", 1' 28", 1' 33", 41", 2' 20", and 57"; the proper 
motion of Sirius in declination, in a century, is 2', and of Arcturus 
3' 21", both tending to the fouth. 

.The apparent brightnefs of fome of the fixed ftars is alfo obferved 
to be periodic, as x Cygni, of which the periodic time between 
two fucccfiive greateft apparent fplendors, is about 405 d. 8 h. — and 
the increafe and decrease of the light of Algol, has been obferved by 
many, the period of which, according to Mr Goodrich’s obferva- 
tions, is 2 days, 20 h. 49' 3". For an account of variable ftars, 
the Philofophical Tranfaftions may be confulted, particularly a paper 
by Mr Pigott on that fubjetft, in the 76th volume. 

Nebuue and Double Stars have of late engaged the attention of 
aftronomers, particularly Dr Herfchell. A Nebula is a portion of the 
heavens brighter than the circumjacent parts, which brightnefs arifes 
from the combined light of a multitude of very diftant ftars, appa- 
rently near each other. The moft confiderable of the Nebulx is the 
Milky Way; the next are thofeufually called the Magellanic Clouds, 
fituated near the fouth pole, and therefore invifiblein Britain; and a- 
Orionis is certainly a beautiful phenomenon, when viewed with a 
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proper telefcope. Dr Herfchel has detefled about 2000 nebula, and 
nearly as many double ftars. 

The moon’s orbit being contained within the zodiac, its motion is 
very rapid with refpeft to the fun, and thole ftars fituated in that 
•zone. On this account, there is founded one of the beft methods for 
finding the longitude at fea hitherto difcovered. In order to afeertain 
the longitude of a fhip, with as great accuracy as polfible, by this 
method; the moon ought to be compared with thofe liars, which are 
fituated in or near its orbit; by which means as little as poflible of 
the moon’s proper motion will be loft. The liars ufed in the Nauti- 
cal Almanack, for the purpofe of determining the longitude at fea 
by the above method, are, « Arieiis , Aldebaran , Pollux, Regulus , 
Spirit Virninis, Antares, « Aquilit , c Capricorn i, Fomalhaut , and * Pe- 
■gafi. The diftance between the moon and the fun, and one or more 
of thofe ftars, according as they are in a proper pofition with refpefl 
thereto for obfervation, is given in the Nautical Almanack in the viii. 
ix. x. and xi. pages of the month, at the beginning of every third 
hour apparent time, by the meridian of Greenwich. 


CHAP. IV. 

» 

Of the Planets. 


A Planetary Syftem is an alTemblage of feveral bodies revolving 
about another body as a common center, which gives light 
and heat to all, and is therefore called a Sun, and the revolving bo- 
dies are called Planets and Comets; the path which a planet or comet 
deferibes in its motion round the fun is called its Orbit. » 

Planets are of two kinds, Primary and Secondary. A Primary 
planet regards the fun as its center of revolution; a fecondary, is a 
body revolving about a primary planet, and is called a Satellite. 

There are feven primary planets, of which the names and charac- 
ters are as follow. 


Name. CharaBer. 
Mercury, $ 

Venus, j 

Earth, © 

Mars, c? 


Name. CharaBer. 

Jupiter, Ip 

Saturn, f> 

Georgian planet, 


The number of fttellites belonging to thefc planets amounts to 
fourteen, one of which belongs to the Earth, called the Moon, four 
belong to Jupiter, feven to Saturn, and two to the Georgian planet. 
Meflfs Caflini, Short, and Montaigne, obferved a phenomenon, 
which induced them to believe that there was a fatellite belonging 
to Venus. 


Since 
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Since the Sun is the lowcft body in our fyftetn, and becaufe the 
orbits of Mercury and Venus are contained -within that of the Earth, 
they are therefore called Inferior Planets; tfie other planets, being 
always more diftant than the earth from the Sun, are called 
Superior Planets. It may be obferved, that all the planets hitherto 
difcovered are fuperior with refpefl to Mercury, and inferior to 
the Georgian planet. 

In the time of a planet’s revolution round the Sun, a period of 
its feafons is completed, and this interval is called a Solar Year. — 
The periods of the feveral planets, together with their mean dift- 
ances from the fun, exprefled in Englilh miles, are as follow. 
Periodical Revelation of | d. h. in. s. Mean D jflance * 

Mercury, 87 23 15 37 35853400 

Venus, 224 16 49 12.7 66 995700 

Earth, 365 6 9 11.2 92621000 

Mars, 63 6 23 30 43.3 141125100 

Jupiter, 4332 8 51 25.6 481887700 

Saturn, 10761 14 36 42.5 883671000 

Georgian planet, 30445 18 1767375000 

The planets Venus, the Earth, Mars, and Jupiter, befides their 
annual motion round the Sun, have been obferved to move round 
their axis from weft to eaft, called their Rotation. The time of ro- 
tation is meafured by the return of any meridian to the lame fixed 
ftar, which is called a Siderial Day; and the return of the fame me- 
ridan to the Sun is called a Solar Day. A terreftrial folar day is di- 
vided into 24 equal parts called Hours, each hour is fubdivided into 
60 equal parts called Minutes, and the fexagefimal divifion is conti- 
nued. The rotation of the above planets in mean folar time is as 
follows. 

Rotation of Venus, 23 h. 22' Earth, 23 h. 56' 4" 

Mars, 24 h. 39' Jupiter, 9 h. 56' 

The rotation of Saturn, agreeable to Dr Ufher’s computations, 
is 10 h. 12* min. A different refult was however obtained, by 
taking the denfity of Saturn, as ftated by M. de la Lande. The 
rotation of Saturn’s ring, as fettled by Dr Herfchell, is 10 h. 32' 16". 
And the rotation of the fun, according to the author’s obfervations 
in 1787, is performed in about 25 d. 7 h. 52 min. 

The time of rotation of a planet is difcovered by obfervations on 
the fpots on its difc; and though the nearnefs of Mercury to the 
Sun, and the great diftance ot the Georgian planet from the earth, 
have prevented the diicovery of fpots on their difes, and thereby 

the 

* Thefe were computed on the afliimption of the fun’s mean horitontal parallax, 
being 8".8ia8, according to the determination of M. do Sejour, from the late Can Li: 
•f Venus, Vide Trafle Analytique, &c. tom. I, page 486. 


Digitized by Google 


( *4 ) 

the times of their rotation, yet from analogy it may be prefumed, 
that each of thefe planets has a rotatory motion. 

The rotation of the moon is performed in 27 d. 12 h. 43 m. and 
that each of the fateliites belonging to the other planets revolves 
about its axis, is fcarcely to be doubted. 

By means of the rotation of a planet, combined with its annual 
motion round the fun, in the time that a period of the planet’s (eai'ons 
is completed, every point on its furface will have enjoyed the pre- 
fence of the fun, for nearly an equal interval of time. 

The figure of the Earth, Mars, Jupiter, and Saturn, is found by 
obfervation to be that of an oblate fpheroid, the ratios of the equatorial 
diameter to the axis of thefe planets being as 230 . 229, 1353 : 1272, 
14 : 13,* and 1 1 : 10, refpeCiively, and by analogy, the other planets 
are alfo of a fpheroidal figure, the leaf! diameter being that of rota- 
tion. 

Since the orbits of the planets, Mercury and Venus, are contain- 
ed within that of the Earth, they can never be feen in oppofition to 
the fun; but becaufe the orbit of the Earth is contained within the 
orbits of the other planets, thefe planets may therefore be feen in op- 
pofition, or in any other pofition, with ref'peCl to the Sun. The pheno- 
mena of an inferior planet, as obferved from a fuperior planet, arifing 
from their combined motions round the fun, may be thus illufttrated. 

Let S (fig. 4.) reprcfent the fun, ABCDEFGH the orbit of an infe- 
rior planet, IKLM the orbit of the earth, both being fuppofed in the 
fame plane, and the circle 15- the ecliptic; now let the earth be 

in any point I of its orbit, when the inferior planet is at A, in a right 
line between the fun and earih, it is then faid to be at its inferior 
conjunction ; when at the point E, it is at its fuperior conjunction ; 
and when at the points C or G, where a flraight line from the earth 
is a tangent to its orbit, it is then at its greateft eaftern or weftern 
elongation — the elongation at any other time is meafured by the 
angle contained between lines drawn from the center of the earth 
to the centers of the fun and planet. Now, if the planet be fuppofed 
to move forward according to the order of the figns, with the excefs 
of its velocity above the earth’s motion, the earth may be fuppofed 
to remain ft at ion ary at the point I; let the planet be at any point C 
of its orbit, hence its place referred to in the heavens is N, and when 
the planet is come to D, its apparent place is O ; it has therefore ap- 
parently moved thro’ the fpace NO; in like manner the planet having 
moved through the portion DEFG of its orbit, will have appa- 
rently defcribed the fpace OsPQ, and when the planet has moved 
from G to H, it will appear to have returned to P; and during the 
time it defcribes the portion HABC of its orbit, it will apparently 

move 

• The proportion of the axes of Jupiter, agreeable to M. de li Place’* calculations. 
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move thro* the fpsceP^ON, contrary to the ordet of the figns? 
hence during the time the planet is defcribing the weftern part of its 
orbit ABCDE, it fets l'ooner, and rifes earlier than the fun, and may 
therefore be called a morning ft ar, and during the time it is defcrib- 
ing the eaftern part of its orbit EFGH A, it rifes and fets later than 
the fun — it will therefore be feen after fun fet, and of courfe called 
an evening ftar; during the time the planet is defcribing the fuperior 
part of its orbit, it moves according to the order of the figns, and is 
therefore faid to be direft; but its motion, while defcribing the infe- 
rior part of its orbit, is apparently contrary to the order of the figns, 
as feen from the earth, and is hence faid to be retrograde; when 
the planet is towards the points of greateft elongation, it is then 
either receding direffly from, or approaching towards the earth, and 
its apparent motion for fome time is fcarce perceptible ; it is then faid 
to be ftationary. 

While an inferior planet, as feen from the earth, is moving ac- 
cording to the order of the figns, it is evident, that the motion of 
the earth will be direff as feen from the planet; when the planet is 
apparently retrograde, the earth will be alfo retrograde; and when 
the planet is apparently ftationary, the earth will be alio ftationary, as 
feen from the planet. Hence the phenomena of a fuperior planet is 
fufficiently obvious, and requires no further illuftration. 

Since, by obfervation, the orbit of each planet is found to be in- 
clined to the ecliptic, it therefore interl'edf s the ecliptic in two oppo- 
fite points, called Nodes; that half of the planet’s orbit, which is 
between the ecliptic and north pole, is called the northern part of its 
orbit, and the other half, the fouthern. That node which the planet 
enters, when advancing towards the north, is called the Afcending 
Node, and the other, the Defcending Node; and an imaginary 
ftraight line joining thefe is called the Line of the Nodes. 

Let ABCD (fig. 4.) rcpreftent the orbit of the earth, and EFGH 
the orbit of an inferior planet, S the fun, and EG the line of the 
nodes, E being the afcending, and G the defcending node ; alfo let A be 
the place of the earth in the ecliptic, and F tnefituation of the planet 
in its proper orbit; then willM be the'Heiiocentric place of the planer, 
or its place as leen from the fun, and Nits Geocentric place, or point 
where it would be feen from, the earth; if FI be drawn perpendicu- 
lar to the ecliptic, the angle FSI is the Heliocentric Latitude, and FAI 
the geocentric latitude of the planet; SI is called the Curtate Diftance, 
and the difference between SF and SI, the Curtation 

The heliocentric and geocentric longitudes and latitudes of the pla- 
nets, together with their declination, and paflage over the meridian in 
apparent time, are given in the Nautical Almanac, page iv. of the month 
The declination and tranfit of a planet arc ul'eful in computing the 
latitude and apparent time at fea, from its obfervcd altitude. 

The 
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The Periodic Time of a planet may be found, by obferviog the in- 
interval of time between two fucceffive pafiages of the planet thro’ 
the fame node, allowance being made, for the motion of the node du- 
ring that interval ; and to obtain a greater degree of accuracy, it will 
be proper to feledt two very distant observations when the planet 
was in the fame node; and the interval, after allowing for the mo- 
tion of the node, bring divided by the number of elapied periods, will 
give the periodic time; and becaufe the place of a planet is ufually 
reckoned from the vernal equinox, therefore the periodic time of 
revolution with refpeft to the fixed Stars mull be reduced to the pe- 
riodic revolution relatively to the equinoxes, by deducting a part 
proportional to the receifion of the equinoxes in that interval. The 
time when an inferior planet is in its node is molt accurately deter- 
mined by obferving its tranfit over the Sun; and that of a Superior 
planet, when in opposition, and at the fame time in or near the node. 

A Synodic Period of a planet, is the time clapi'ed between two 
fucceffive returns of the planet to the Same point of its orbit, as Seen 
from the Earth. 

The periodic time of an inferior planet may alfo be found, by di- 
viding the product arifing from the multiplication of the fynodic pe- 
riod of the planet into the earth’s period, by the Sum of thefe periods; 
and that of a Superior planet is found by dividing the product of its Sy- 
nodic period into the earth’s, by the difference between thefe periods. 

The Comparative Distance of an inferior planet may be deduced 
from the quantity of its greateSl elongation; for, if the distance of 
the Earth from the Sun be luppofed equal to unity, the distance of 
the planet from the Sun will be expreffed by the fine of its greateft 
elongation, and its distance from the earth at that time, by the cofine 
of elongation; — the distance of a fuperior planet from the Sun 
will be equal to the cofecant of the greatell elongation of the earth, 
as feen from that planet, which is called the Parallactic angle; and 
the distance of the planet from the Earth is equal to the cotangent of 
that angle, the radius being unity. However, thefe being on the 
aSTumption of a circular orbit, will deviate a little from the truth. 

Kepler, by comparing the periodic times and distances of the pla- 
nets from the Sun with each other, found, that the Squares of the 
periodic times were direftly as the cubes of the mean distances; and 
iince the periods of the planets may be very accurately found by ob- 
fervation, therefore, by the above lav/, the relative mean distance 
of the planets may be deduced with the greatest precifion ; and be- 
caufe the mean distance of the Earth from the Sun, in known mea- 
sures, is pretty well ascertained by the late tranfit of Venus, therefore 
the abfolute mean distances of all the planets are alfo determined. 

Since the planets receive their light from the Sun, it is evident, 
that whatever fide is oppofed thereto will be enlightened; therefore 
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at the inferior conjunction of Mercury or Venus, neither can be feen 
becaufe the unenlightened fide is towards the earth, unlefs at the time 
of a tranfit, and then it will appear likeaftnall black round fpot upon 
the fun’s drfc ; but at the fuperior conjunction, the enlightened 
hemifphere of the planet is towards the Earth, confequently the 
whole of its difc will be vifible ; and when the planet is at its great- 
eft elongation, one half of it only can be vifible, becaufe the plane 
of the terminator or circle bounding light and darknefs is directed 
towards the earth. Hence, when either Mercury or Venus is in the 
inferior part of its orbit, lefs than its half appears enlightened ; but 
more, when in the fuperior part of its orbit. The diftance of Jupi- 
ter, Saturn, and the Georgian planet, beiug very confiderable, 
in refpcCl of the Earth's diftance from the Sun, the enlightened difcs 
of thele planets arc tolenfe always oppofedto the earth ; but becaufe 
of the proximity of Mars, it is obferved to be full and gibbous al- 
ternately. 


CHAP. V. 

Of the Moon. 

T HE Moon, though only a fatellite belonging to the earth, is, 
next to the Sun, the mod confpicuous body in the heavens, 
both on account of its apparent magnitude, and diverfity of alpeCt. 

By contemplating the Moon during the courfe of a month, it is 
obferved to put on a variety of appearances. When the Moon is 
firft obferved, a little to theeaftward of the Sun, a fmall portion of 
its difc is enlightened, and that portion is next the Sun; the enlight- 
ened part encreafes more and more until it appears perfectly round — 
the weftern part then becomes invifible, and the enlightened part 
gradually dimini fties as it approaches the fun, and entirely difappears 
when in conjunction with that objeCt, except at that time, it hap- 
pens to pafs direCtly between the oblerver and the Sun. Thefe 
various appearances are in general called the Phafes of the Moon. 

By comparing the Moon’s phafes and its elongations from the Sun 
with each other, it is found, that the fame phafe correfponds to the 
fame elongation. Hence it evidently appears, that the Moon is an 
opake body, receiving its light from the Sun, and therefore that 
part only is enlightened, which is oppofed to the Sun. 

Since the Sun is much bigger than the Moon, it is evident, that 
more than a hemifphere is continually enlightened ; it is alfo mani- 
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feft, that a complete hemifphere of the Moon cannot be feen by a 
fpeftator on the earth ; but the difference in both cafes k fo very trifl- 
ing, that it may be neglefted in the following illuftration of the 
phafes of that fatellite. 

LetS (fig. 5.) reprefent the fun, E the earth, and ACFH the or- 
bit of the moon, in which it revolves from weft to eaft, according 
to the order of the letters. When' the moon is at A, it is in con- 
junftion with the fun ; and as its dark fide is oppofed to the earth, 
no part therefore of the moon can be feen, unlefs at that time it 
happens to pafs over the fun’s difc ; — this phafe is called new moon, 
and itis faid to be in fyzigy. When the moon is at B, or 45" from 
the fun, it is faid to be in its firft ottant ; in this cafe, part of the 
moon’s enlightened difc is towards the earth, and it appears in form 
of a crefcent, as rcprefented at L ; the curve bounding the enlighten- 
ed and dark parts of the moon, or terminator, being an ellipfe. — 
When the moon is at the point C, where the angle of elongation is 
90°, it is faid to be in quadrature, and the terminator is now appa- 
rently a ftraight line, one half therefore of the moon’s enlightened 
difc is feen from the earth, as reprefented at M : when at D, the 
moon is its fecond oftant, and as much is now vifibleas was invifible 
when it was at B, and fmee more than half its difc is vifible, as feen 
from the earth, the moon is therefore faid to be gibbous : and when 
the moon is at F, it is in oppofition, and appears to be compleatly 
illuminated, and is now, as well as when in conjundtion, faid to be 
in fyzigy. The moon having paffed the oppofition, and come to G 
the third oftant, is again gibbous, as reprelented by the phafe O : 
when at II, the moon is again in quadrature, and appears half full, 
as at P ; and having come to I the fourth odfant, it appears like a 
crefcent, as at Qj and laftly when to A, it is in conjunction, and 
the dark fide being oppolite to the earth, the moon therefore be- 
comes iuvifible. 

During the time the moon is moving from A to G, it is faid to be 
in the firft quarter, from C to F in the fecond, from F to II in the 
third, and from H to A in the fourth quarter ; when the moon is at 
A, it comes to the meridian at noon, and when at F, at midnight; 
therefore, while the moon is in the part ACF of its orbit, it comes 
to the meridian between noon and midnight, and the weftern part of 
the moon’s difc is enlightened. During the time the moon is de- 
feribing the other part of its orbit FHA, it comes to the meridian be- 
tween midnight and noon, and the eaftern part of its difc is vifible ; 
wjien the moon is in the firft and fourth quarters, it appears in form 
of a crefcent, and when in the fecond and third quarters, it is gib- 
bous. 

Some days before and after new moon, befides the crefcent, the 
remaining part of its difc is faintly feen ; the realbn of this will evi- 
dently 
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dently appear, by confidering, that when the moon is in thofe parts of 
its orbit, the enlightened fide of the earth is oppofed to the moon; 
and fince the quantity of light refkfted by each body is fuppofed 
proportional to the fquares of their diameters, therefore as the earth 
is much greater than the moon, the quantity of light refle&ed by 
the earth to the moon is fo confiderable, as to render the dark part 
vifible. 

The interval of time between two fucceilive new or full Moons 
is called a fynodic period, or ufually a lunation, and is com- 
pleted in 29 d. 12 h. 44' 2''.9; a revolution of the Moon with ref- 
peft to the fixed ftars, is completed in 27 d. 7 h. 43' 1 1 5 ; and 
with refpeft to the vernal equinox, in 27 d. 7 h. 43' 4"-6; — and 
fince the fame face of the Moon is always turned towards the Earth, 
it therefore turns round its axis in the lame time that it completes a 
revolution with refpeft to the fixed ftars. 

From the foregoing illuftration of the Moon’s phafes it will appear, 
that if its orbit coincided with the ecliptic, it would pals direftly be- 
tween the Earth and the Sun at every new Moon, and being an opake 
body would intercept part of the Sun’s dife, and hence caufe an 
eclipfe of the Sun ; and at the time of oppofition, the Moon would 
pafs through the fhadow of the earth, and therefore the direft rays 
of the fun being intercepted by the earth, an eclipfe of the Moon 
would take place. 

But becaule the Moon’s orbit makes an angle with the ecliptic, of 
about 5 0 8' 49", thefe circles therefore interfefl each other in two 
oppeiite points called Nodes, and the common interlection of the 
plane of thele circles is called the Line of the Nodes; and if this line 
were always coincident with the fyzigial line, the Moon would be 
eclipfed at every oppofition, and the Sun at every new Moon; but 
the mean motion of the nodes is about 19 0 20' 3 1" yearly, in a 
retrograde direftion. 

It hence obvioufly follows, that an eclipfe cannot happen, but 
when the Moon is within certain limits of the node, which diftance 
in a lunar eclipfe is determinable by the inclination of the Moon’s 
orbit to the ecliptic, and the fum of the femidiameters of the Moon, 
and that feftion of the Earth’s fhadow thro’ which the moon pafles ; 
and if at the time of oppofition, the moon’s latitude is lefs than the 
difference between its femidiameter, and that of the fhadow, the 
Moon will be totally eclipfed with continuance; and the lefs the lati- 
tude of the Moon, the longer is the duration of the ecliple. If the 
Moon’s latitude be equal to the above difference, tire eclipfe will be 
total without continuance; if greater than the above difference, but 
lefs than their fum, the eclipfe will be partial; and if it exceeds that 
fum, no eclipfe can happen at that time. The limit within which 
a folar eclipfe can happen, is inferred from the inclination of the 
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Moon’s orbit, and the fum of the Moon’s horizontal parallax, and 
the femidiameters of the Sun and Moon, and therefore if the Moon’s 
latitude exceeds this laft fum, no part of the Earth can be eclipfed, 
but if lcfs, the eclipfe may be total or annular at one place, partial 
at a fecond, and at a third no part of the Sun may be obfcurcd. 
A total eclipfe of the fun is when, at the time of the greatell obfcura- 
tion, the Sun is compleatly hid by the Moon; an annular, when the 
Sun is obferved to appear like a luminous ring round the Moon; and 
a partial cclipfe, when part of the Sun is obfcured. 

Becaufe the mean motion of the lunar nodes is about 19° 20' 3 1" 
yearly, a revolution is completed in about 18 years 224 days; and 
if in that time an exaCt number of lunations were contained, there 
would be a regular return of the fame eclipie at the end of every pe- 
riod of the nodes; but this is by no means the cafe — however, in 
18 y. 11 d. 7 h. 43' 20" leap year being four times contained, but 
if five times, then in 18 y. 10 d. 7 h. 43' 20", the node, after be- 
ing in conjunction with Sun and Moon, returns fo near to the con- 
junction as to be only 28' 12" diftant therefrom; hence if to the 
mean time of any eclipfe, 18 y. 1 1 d. 7 h. 43' 20", or 18 y. 10 d. 
7 h. 43' 20", be added, according as there are four or five leap 
years in the period, the fum will be the mean time of an eclipfe. 

The lunar irregularities, previous to the time of Sir Ifaac Newton, 
exercifed the /kill of the moit eminent altronomers; but that cele- 
brated mathematician, having applied his admirable principle of uni- 
verfal gravitation to the Moon, has left a theory of the lunar mo- 
tion, which, in its prefent improved ftate, is fufficlent to afeertain 
the Moon’s longitude within lefs than half a minute of a degree. 
An explanation of thefe irregularities does not come direCtly within 
the prefent plan, but perhaps may be treated of in 3 following work. 
We lhall however in this place briefly mention a few of the principal 
equations. 

The orbit of the Moon is a variable ellipfe, having the Earth in 
one of its foci- Hence the elliptic equation anfwering to any given 
mean anomaly is variable; this equation is divided into two parts, the 
one called the Equation of the Center, and the other the EveCtion. 
The mean elliptic equation, when greateft, amounts to 6° 18’ 32", 
and the quantity of the greateft mean eveCtion is 1° 20' 29". 

The true longitude of the Moon is found to precede the mean, 
while the Moon is moving from the fyzigy to the quadrature, and 
to be behind it, from the quadrature to the following fyzigy. Hence 
arifes an equation, depending upon the Moon’s diftancefrom the fy- 
zigy, called the Variation, which when greateft amounts to 37' 8". 

When the Earth is in aphelion, the motion of the Moon is found 
to be accelerated, and retarded when in perihelion. The equation 
ior correcting this irregularity is called the Annual Equation, which 
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when greateft amounts to 1 1' 9", and whofe argument is therefore 
the Sun’s mean anomaly. 

Several other equations are alfo necefTary, in order to compute the 
Moon’s longitude to any tolerable degree of exa&nefs, fomeof which 
ferve to corredf irregularities to which moll of the former are liable, 
on account of the change of the Sun’s diflance from the earth. 

The lunar nodes move in a very irregular manner, being Itation- 
ary when the Moon is in quadrature, or without latitude; but in 
other cafes, their motion is retrograde. The Nodes complete a re- 
volution in 1 3 y. 224 d. 45 h. 

The inclination of the Moon’s orbit is alfo variable; it is greateft 
•when the line of the nodes coincides with that of the quadratures, 
and lead, when that line coincides with the fyzigies. 

The motion of the Moon’s apfides is irregular, being direft when 
the Moon is in the fyzigies, and retrograde when in the quadratures. 
The diredt motion is quickeft when the line of the apfides coincides 
with the fyzigies, and the retrograde motion is quickeft, when the 
above line coincides with the quadratures; however, the diredt mo- 
tion exceeds the retrograde, and a revolution of the line of the apfides 
according to the order of the figns is completed in 8 y. 309 d. 8 >h. 

The time of the Moon's revolution is alfo found to be fuhjedt to a 
periodical inequality, called the Secular Equation, which arifes from 
the Sun’s adtion on the Moon, combined with the variation of the ec- 
centricity of the Earth’s orbit; the Moon’s motion is accelerated, as 
this excentricity diminifhes. 

According to M. de la Place, the fecular equation of the Moon is 
= 1 t".i35i‘-fo''o4398/ 3 , wherein i reprefents the number of centuries 
elapfed fince 1700, and the fign is to be changed if the given time 
is before 1 700. According to M. de Lambre’s comparifon of modern 
obfervations, the mean fccular motion of the Moon, as given by M. 
Mayer, is too great by 25''. In Mayer’s laft tables, the fecular equa- 
tion of the Moon is 9", therefore the mean motion of thefe tables 
fliould be corredled to a quantity equal to— 2 j''/+2. 1 3 ;i'+o.o4 398/*. 
It hence evidently appears, that the computation of the Moon’s place 
from tables is very tedious ; and hence alfo appears the value of the 
Nautical Almanac, publifhed annually by order of the CommilTioaers 
of Longitude, under the infpedlion of Dr Malkelyne, which contains 
every article relating to the Moon that may be of fervice either to the 
pradtical aftronomer or navigator. The Moon’s longitude and lati- 
tude are given at noon and midnight, in page v. of the month ; its 
age and paffage over the meridian, and right afeenfion and declina- 
tion at noon and midnight, are contained in page vi. of the month; 
its femidiametcr and horizontal parallax, at noon and midnight, in 
page vii. and its diftance from the Sun and proper ftars, at every 
third hour by the meridian of Greenwich, are contained in pages vm. 
ix. x. xi. of the month. 
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The right afcenfion and declination of a planet are deduced from 
ebfeiVations of its zenith diftance, and tranfit over the meridian, 
from which, together with the obliquity of the ecliptic, the longitude 
and latitude of the planet are found by computation. But the longi- 
tude and latitude of a planet are found direftly by aftronomical 
tables, for any given time; therefore from hence, and the obliquity 
of the ecliptic, the right afcenfion and declination of the planet are 
to be found by computation. The two following problems, com- 
municated to the author by Dr Malkelyne, without their demonftra- 
tions, will be found very ufeful for the above purpole. 

PROBLEM I. 

Given (AR) right afcenfion, declination, and (O) the obliquity of 
the ecliptic, to find the longitude and latitude, true to the near- 
eft fecond bv Taylor’s logarithms, or to the neareft io"by Gar- 
diner’s logarithms, or to the neareft minute by Sherwin’s or 
Hutton’s logarithms, without proportioning. 

Tan. dec. — S. AR = tan. A, north or fouth, as declination is. 

Call O in firft fix figns of AR fouth, in laft fix figns, north. 

A + O = B. 

A lefs than 45 0 . co. ar. cof. A + cof. B 4- tan. AR 7 _ 

A more than 45 0 . tan. A 4- co. ar. fine A 4- cof. B. 4- tan. AR 5 — 
tan. long, of the fame kind as AR, unlefs B be more than 90°, 
when the quantity found of fame kind as AR mull be taken from 
twelve figns. 

Long, nearer m. and tx. figns, than 0 and vi. figns, fine long. 4- 
tan. B. 

Long, nearer o and vi. figns, than in. and ix. figns, tan. long. 4- 
fine long. 4- tang. B. 

tan. lat. of fame name as B. 

Example. 

Let the Moon’s right afcenfion be 40° 22', declination 11° 37' N. 
and obliquity of the ecliptic 23 0 28’. Required its longitude 
and latitude. 

Dec. 1 1° 37' N. tang. = 9.312967 

RA. 40 22 fine =9.811358 tang. 9.929452 

A= 17 37 N. tang. = 9.501609 co. ar. cof. 0.020860 
O = 23 28 S. 

B=55iS. — — — — cof. 9.997732 tan. 9.010546 

Lon. 4135 — — — — — tan. 9.948044 fine 9.821977 
Lat. 3. 53 S. 


fine 8.832523 
FRO- 
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PROBLEM II. 

Given the longitude and latitude of a fixed ftar or planet, and (O) 
the obliquity of the ecliptic, to find the right afcenfion and decli- 
nation. 

Tan. lat. — fine long. = tan. A, north or fouth, as latitude is. 

Call O north it) fix firft figns, and fouth in fix laft figns. 

A J- 0 =B. 

A lefs than 45 0 , co. ar. cof. A + cof. B + tang. long. 

A more than 45, tan. A + co.ar. fine A+cof.B+tan.long. $ — 
tan. right afcenfion of fame kind as longitude, unlefs B be more 
thanqo 0 , when the quantity found of fame kind as longitude mult 
be fubtra&ed from twelve figns. 

AR nearer hi and ix figns than o and vi figns, fine AR + tan. B 7 

AR nearer o & vi figns than in & ix figns, tan. AR+cof. AR-j-tan. B £ 
— tan. declination of fame title as B,. true to the neareft fecond by 
Taylor’s logarithms, to neareft 10" by Gardiner’s logarithms, or 
to neareft minute by Sherwin’s or Hutton’s logarithms, without 
proportioning. 

Example. 

Let the Moon’s longitude be 7 s. 14° 26' 21", and latitude 4 0 o’ 34" 
N. and the obliquity of the ecliptic 23 0 27' 48". Required the 
right afcenfion and declination? 

Lat. D 4 0 o' 34" tan. 8.8456713 

Lon. 224 26 21 fine 9.845 1 920 tan. 9.9914974 


A = 5 43 0.7 tan. 9.0004793 ar.co.cof.0.0021654 
O = 23 27 48. S. 

B = 17 44 47. 3 S. — — — cof. 9.9788260^01.9.5051970 
RA. 223 11 1 1.2 — — — tang. 9.9724888 fine 9.8352940 


Decl. 12 2i 14.6 — — — — — — tan. 9.3404910 


BOOK 


• Digitized by Google 


BOOK II. 

CONTAINING, 

An Account of the Inf r aments for obferviug Altitudes ami angular t)if- 
ances at Sea, and of the Corrections to be applied to Obfcrvations 
made with tkofe Injlruments. 


CHAP. I. 

Of Hadley’s Quadrant. 

W E are indebted to John Hadley Efq; for the firft account of 
this admirable inllrument, which he communicated to the 
Royal Society, May 13th, 1731. This account was publiflied in 
the tranfaflions of that fociety, No. 420. In the fame paper he 
deferibes another inftrument, having a third' fpeculum, and the po- 
rtions of the fpecula and telefcope altered, whole ufe is to obferve 
the Sun’s altitude by means of the oppofite part of the horizon. 

The inftruments in ufe for meafuring altitudes at fea, previous to 
the invention of Hadley’s Quadrant, were, the Crofs Staff and Davis’ 
Quadrant. The advantages pofleffed by the latter for obfervations 
of the Sun’s altitude brought it into more general ufe, efpecially 
among the Britilh navigators. Obfervations, however, made with 
that inftrument, though in the hands of a good obferver, were found 
liable to error, when the fea was agitated ; and it was found impo lia- 
ble to obferve the Sun’s altitude, when the motion of the fhip was 
very confiderable. Hence appears the fuperior excellence of Hadley’s 
Quadrant, which is defigned to be of ufe, where the motions of the 
objefls, or any circumftance occafioning an unfteadinefs in the com- 
mon inftruments, render the obfervations difficult or uncertain. 

The form of this inftrument, according to the prefent mode of 
conftrudlion, is an of! agonal leflor of a circle, and therefore the 
arch contains 45 °} but becaufe of the double refledtion, the limb is 
divided into 90°; and therefore this inftrument is ufually called a 
Quadrant — of which the following are the principal parts. 

1. An Oftant, confiding of an arch or limb, connefled with two 
radii. 

2. An Index, moveable round a center, and accompanied with a 
dividing fcale, to Ihow the obferved altitude. 

3. A Speculum, or Index Glafs, placed on the Index in fuch a man- 
ner, that its plane is over the center of motion of the Index. 

4. Two Horizon Glaftcs, with their adjufters. 
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5. A fet of coloured GlafTes, to prevent the effeft of the folar rays 

on the eye of the obferver. 

6. Two light Vanes. 

Of the Octant. 

The Oftant confifts of two radii, a limb, and two braces, which 
laft are intended to llrengthen the inftrument, and prevent it from 
warping. The arch or limb, although only an eighth part of a circle, 
is divided into 90°, on account of the double refleftion. Thefe de- 
grees are numbered from right to left, and each is commonly divid- 
ed into three equal parts. Hence one of thefe intervals contains 
twenty minutes ; and by means of a fcale at the end of the index: 
divided into twenty equal parts, an obfervation may be eafily read 
off to the nearefl. minute. The graduation on the limb is continued 
a few degrees to the right of O; this portion is uiually called the 
•rch of excefs , and is found very convenient for feveral purpofes. 

Of the Index. 

The Index is a flat bar, commonly made of brafs, moveable 
round the center of the inftrument, and broader towards the axis 
of motion ; at the other end of the index, a piece of brafs turns up, 
behind the limb, having a' fpritig to make the dividmg fcale lie clofe 
to the limb, and a fcrew to fallen it in any poftttBn. Some qua- 
drants have an adjulting fcrew affixed to the lower part of the index, 
by which means the index is made to move gently along the limb, 
■without thofe fudden ftartings, to which it is liable when moved by 
hand, and which may render the obfervation uncertain to two or three 
minutes. It may be obferved, that when the index is moved by 
hand, it (hould be taken hold of by the lower part, and not by the 
middle, as is fometimes the praflice. . 

That part of the index, which moves along the limb, has a fmall 
fcale attached to one fide of a reftangular aperture, called a Di- 
viding Scale,* but moll commonly a Vernier or Nonius, from the 
fuppofed inventors. It ufually contains a fpace equal to 21 or 19 

E di- 

• This method of divifion was firfl clearly explained by Clavius, in Lemma iff of 
his treatife on Aflrolabes, printed at Mayencc ill 1611 ! it was afterwards publilhedby 
rierre Vernier, who claimed it as his own, in a fmall tra£t, intitled, •* La conftruc- 
tion 1 ’ofaye, & les proprietes du Quadrant Nouveau de Mathematique,” See. print- 
ed at Bruflels, 1631. This method of divifion may he thus illullrated. 

Let two equal lines or circular arcs be fo divided, that the number of equal divifions 
in the one, is one more than the number of equal divioons in the other; that is, let 
the one be divided into », and the other into n-f-I parts, and let a part of the former 
he called unity. 

Then n : X : : 0+1 : ”+ T = * part °f 'I 16 other. 

8 

And b+t — I —8+1 — 1— 1 — difference of the parts. Or 

* 8 8 
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divifions of the limb, and is divided into 2c equal parts ; henee 
the difference between a divifion on the limb, and a divifion on the 
dividing fcale, is one twentieth of a divifion of the limb, or one 
minute; and therefore if any divifion on the dividing fcale is in 
the fame ftraight line with a divifion on the limb, then no other 
divifion on the dividing fcale can coincide with a divifion on the 
limb, the extreme divifions excepted. 

Sometime ago, it was ufual to reckon the divifions on the vernier 
from its middle towards the right, and from the left towards the 
middle; and fince this fcale ufually contains 20 minutes, therefore 
the firff ten minutes were contained on the right of the middle line, 
and numbered 5.10, and the other ten on the left, and marked 
1 o. 1 5. However, this method of divifion being found inconvenient, 
a much more commodious method has been lately introduced, where- 
in the divifions are numbered from right to left; hence the degree 

and 


Or let the one be divided into n, and the other into »— I parts; 

Then nil:: n — I : n — I = a part of the other. 
n 

And x — n — x = n — «-(-l ~ I — the difference of the parts. 
n n n 

Now fince, in comn#n quadrants, the Vernier is divided into 20 equal parts, whereof 
the limb contains either 19 or 21, the abfblute length of both being the fame, it is 
hence evident, that each divifion on the dividing fcale mad anfwer to I minute, for in 

the prefent cafe n reprefents 20, and therefore i- i- of a divifion on the Kmb : 

« — 20 

hut each divifion on the limb is 20 minutes, and ~ of 20 minutes is I minute. 

20 

Let a degree on the limb be divided into four equal parts, and let the dividing fcale 
contain a fpace equal to 7 J degrees or 29 of thefe parts, but divided into 30 equal 

parts, then will the dividing fcale ftiow half minutes, for I_ of — = 30". And laft- 
.... 30 4 

ly, if a degree is divided into fix equal parts, and the dividing fcale contains 39 (or 41) 
of thefe parts, hut is divided into 40 equal divifions, then will each divifion ihown by 

the dividing fcale be 15" for of ~ = 15" 

40 6 

This method of divifion has been unjuftly aferibed to Petrus Nonius; for Nonius* 
method is very different from Vernier’s, as may be feen in his treatife, “De Crepufculis’* 
printed at Lifbon, 1522, and alfo in his treatife, “ De arte atque ratione Navigandi.’* 
Nonius’ method confifts in deferibing within the fame quadrant 45 concentric arches, 
dividing the outermoft into 90 equal parts, the next within into 89, the next into 88, 
and fo on till the innermoft was divided into 46 equal parts only ; by which means 
in mo(l obfervations, the plumb line or index mufl crofs one or other of thefe circles 
very near a point of divifion, whence by computation the degrees and minutes of the 
intercepted arch might he eafily inferred. However this method of divifion gave way 
to that of diagonals, publilhcd by Thomas Diggs in his treatife, “ A\x feu lealae ma- 
thematics, ’’printed at London in 1573, who lays it was invented by a Richard Chan- 
feler, a famous mathematical instrument maker. This method of diagonals was ap- 
plied to Davis’ Quadrants, and to the firft of Hadley’s, but now fince the dividing fcale 
or Vernier has been introduced, the diagonal method is as little eftcemed as that of 
Nonius after the invention of diagonals. 


Digitized by Google 


( 27 ) 

and minute, pointed out by the dividing fcale, may be eafily Found 
thus. 

Obferve what minute on the dividing fcale coincides with a divi- 
fion on the limb; then this minute being added to the degree and 
part of a degree on the limb, immediately preceding the firft divifion, 
on the dividing fcale, will be the degree and minute required. 

Thus fuppole the fourteenth minute on the dividing fcale coincid- 
ed with a divifion on the limb, and that the preceding divifion on the 
limb to the firft on the dividing fcale, was 56° 40', hence the 
divifion pointed out by the vernier will be 5 6° 54'. If a magnify- 
ing glafs be ufed, the coincidence of the divifions may be more accu- 
rately obferved. 

Of the Speculum. 

The Index Glafs or Speculum is a rectangular piece of plane glafs, 
one of whofe planes is for the moft part completely filvered. The 
intention of this glafs is to refleCt the image of the obferved object, 
either to the fore or back horizon glafs, and from thence to the eye 
of the obferver. 

This glafs is fet in a brafs frame, and is placed perpendicular 
to the plane of the inftrument, immediately over the centre of mo- 
tion of the index, by means of two fcrews in a fmall plate of brafs, 
connected with the under part of the brafs frame, and projecting at 
right angles from the back of that frame : one of thefe fcrews takes 
into, and the other prefles againft the index. 

The Index Glafs, according to the common method of fetting it 
in its frame, is often liable to be bent; and hence the difference be- 
tween the true and obferved altitude might be confiderable. This 
fource of error, however, is now removed by Mr Dollond, who 
contrived the frame fo, that the glafs lies on three points, which, 
by means of a fpring and fcrew, prefs the glafs againft other three 
points immediately oppofite to the former; and fince the pofition of 
a plane can be adapted to any three points, therefore the plane of 
the glafs cannot be bent, though the prefture be confiderable. 

As every filvered glafs, although its planes be perfectly parallel to 
each other, gives two reflections (one from the fore furface of the 
glafs, being the fainteft, and the other from the filvered furface, 
which is the brighteft) it is therefore evident, that errors may arife 
from thefe double reflections; in order to prevent which, Dr Mafke- 
lyne propofed, that the back of the upper half of the index glafs, or 
that fartheft from the plane of the inftrument, iuftead of being filvered 
as ufual, Ihould be ground rough, and painted black, the line joining 
the filvered and blacked parts being parallel to the plane of theinltru- 
tnent. Hence when the objeCt to be obferved is bright, its reflection is 
to be taken from this half of the glafs, the reflection from the filvered 
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part being prevented by a fcreen fet before it; but if the objeift is not 
fufficiently bright, the fcreen may be turned down, and its refledtion 
taken from the filvered part as ufual. 

Of the Horizon Glasses. 

There are two Horizon Glafles, one for the fore, and the other 
for the back obfervation, which are therefore named the fore and 
back horizon glafles. Each glafs is fet in a brafs frame, having ail 
axis pairing through the frame of the inftrument, provided with an 
apparatus, by which it is capable of receiving a fmail motion, io as 
to be fet in a proper pofition with refpeft to the index glafs ; and in 
the pedeftal of each glafs are two funk fcrews, one on each fide of 
the glafs, fo that by fcrewing up the one, and unfcrewing the other, 
the glafs may be fet perpendicular to the plane of the inftrument. 
The lower part of the fore horizon glafs is filvered, and the upper 
part is left tranfparent, through which one of the objefts is to be feen 
diredtly, the other being feen by refleftion from the filvered part of 
the glafs. Both upper and lower parts of the back horizon glafs are 
filvered, and in the middle is a tranfparent flit parallel to the plane of 
the inftrument, through which the direfl objeift is to be viewed. 

Of the Coloured Glasses. 

There are commonly three coloured glafles, two of which are 
tinged red, and the other green, by which the eye of the obferver is 
preferved from the effects of the folar rays, and the glare of the 
Moon in night obfervations is taken away. Each of thefe glafles is 
fet in a feparate cell, and fo conneifted, that either one or more may 
be ufed at the time of obfervation. When the back obfervation is to 
be ufed, the Item of the glafles is put into another perforation, be- 
tween the horizon glafles, made on purpofe to receive it. The two 
Ted glafles are adapted to obfervations of the Sun; and therefore in 
order to render them ufeful on all occafions, the one is tinged dark- 
er than the other, fo that either, or both, may be ufed according to 
the brightnefs of the Sun ; other degrees of (hade may be alfo obtain- 
ed, by ufing the green glafs with either of the former. The green 
glafs is particularly ufeful in obfervations of the Moon ; it may be 
alfo ufed in obferving the Sun’s altitude, when that objeift is very 
much obfcured. 

Of the Sight Vanes. 

The Sight Vanes are pieces of brafs, ftanding perpendicular to the 
plane of the inftrument. That Vane which is oppofite to the fore- 
horizon glafs, is called the Fore fight Vane, and the other, the Back 
fight Vane. Thene are two holes in the fore fight vane, the lower 
of which, and the upper edge of the filvered part of the fore-horizon 
glafs, are equidiftant from the plane of the inftrument, and the other 
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is oppofite to the middle of the tranfparent part of that glafs. The back 
fight vane has only one perforation, which is exattly oppofite to the 
middle of the tranfparent flit in the horizon glafs to which it belongs. 

Fig. 6. reprefents the quadrant, wherein DB, CD, are the two 
radii or iides; BC the limb; P, Qj the braces; DV the index move- 
able about the center D, upon which is the index glafs A; and at 
the other extremity, the dividing fcale or vernier V; H is the horiz- 
on glafs for the fore obfervation, and G that for the back oblerva- 
tion ; E and F are the correfpondent fight vanes ; and I the co- 
loured glafles, whofe ftem is to be put into the hole K, when the back 
obfervation is to be ufed. 

Adjustments of'Hadley’s Quadrant. 

Previous to obfervation, the quadrant Ihould be carefully adjuft- 
ed,* otherwife it will be impoflible to deduce accurate conclufions 
from the obfervations. For this purpofe, the mirrors muff be fet 
perpendicular to the plane of the inftrument, the fore horizon glafs 
muft be fet parallel to the fpeculum, and the planes of the fpeculum 
and back horizon glafs produced, mull be perpendicular to each 
other, when the index is at O. Hence the number of adjuftments 
is five; however, three of thefe being once made, are not fo liable to 
alteration as the other two, which laft Ihould be always examined 
before every obfervatioo. 

Adjustment I. 

To fet the index glafs perpendicular to the plane of the irflrument. 

Set the index to about 45°, and hold the quadrant fo, that its 
plane may be nearly parallel to the horizon, the limb being from the 
obferver; then look into the index glafs, and obferve if the portion 
of the limb feen by refleftion appears in the fame plane with that 
feen diredtly; if they do, the fpeculum is perpendicular to the plane 
of the quadrant; if otherwife, the error is to be taken away, by turn- 
ing the lcrews behind the fpeculum in contrary direft ions, and both 
ferews muft be left equally tight. 

This adjuftraent may be performed in a more accurate manner, 
by means of two adjufting tools, fig. 20. on each of which is a line 

drawn 

♦ 

• Wc may ob(cr?c, that fince Davis’ Quadrant is not capable of adjuftment, it 
therefore becomes neceflary to find its error, which w*s ufually determined by obfer- 
vations made ata place whofe latitude had been previoufly veil afeertained, or by 
companion with another inftrument whofe error was known : this error was to be 
allowed in all fuccccding obfervations made with the fame quadrant ; and according 
as the error tended toincrcafe or diminifh the (hip’s northern latitude, the Quadrant 
was therefore (aid to he northerly or Joutl:trly % by a quantity equal thereto. But Had- 
ley’s Quadrant is conftrudted, fo as to be capable of being perfectly adjufted ; hence 
when a perfon fays, his quadtant is northerly or foutlicrly, it may be inferred, that 
lie neither underftands the principles of the inftrument, nor for what purprfc it is 
adjufted. 
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drawn parallel to its bafe ; thefe lines are exaftly at the fame height* 

Let the quadrant be laid on a table, with its face upwards, and 
the index placed towards the middle of the limb; then place the 
tools on the limb, one at each end, direft the fight to the index 
glals, and let the pofition of the index be altered, till the half of the 
diredf tool is intercepted by the farther edge of the fpeculum, and 
half of the other tool reflected from the fame part of the fpeculum, 
the other half being off the glafs. Now, if the index glafs is per- 
pendicular to the plane of die quadrant, the diredt and reflected 
lines on the tools will be in the fame ftraight line; if, not, the lines 
will appear broken, and the coincidence is to be made perfect by 
means of the fcrews behind the fpeculum. 

Adjustment II. 

To fet the fore horizon-glafs perpendicular to the plane of the quadrant. 

Set the index to O ; hold the plane of the quadrant parallel to 
the horizon, and apply the eye to the lower hole, in the fight vane ; 
then diredt the fight to the horizon, (or any other well defined ob- 
ject;) and if the horizons feen diredtly, and in the filvered part of 
the glafs, are apparently in the fame ftraight line, the fore horizon- 
glafs b perpendicular to the plane of the inftrument ; if not, one of 
the horizons will appear higher than the other : Now, if the hori- 
zon feen by reflection is higher than the fame feen directly; unferew 
the neareft ferew in the pedeftal of the glals, and ferew up that on 
the further fide of the glafs, till the diredt and refledted horizons 
appear to be in the fame ftraight line. But if the refledted is lower, 
than that feen diredtly, unferew the fartheft, and ferew up the near- 
eft lerew, till the coincidence of the horizons is perfedl ; obferving 
to leave both fcrews equally tight ; and the fore horizon-glafs will 
be perpendicular to the plane of the quadrant. 

Adjustment III. 

To fet the fore horizon glafs parallel to the index glafs, the index being at 

Zero. 

Hold the plane of the quadrant in a vertical pofition, with the 
arch lowermoft, the index being previoufly fet exadlly to O : now 
the eye being applied to the hole in the vane next the quadrant, and 
the fight diredted to a well defined part of the horizon, or any well de- 
fined diftant object,* then if the horizon feen in the filvered part of the 
glafs, coincides with that feen through the tranlparent part, the horizon, 
glafs is adjufted; but if the horizons do not coincide, unferew the 
milled ferew in the middle of the lever, on the other fide of the qua- 
drant, and turn the nut at the end of the lever, till both horizons 
coincide, and then fix the lever in this pofition, by tightning the 
milled ferew. If 

• The Sun or a bright ftar are the bed objefls for this purpofe. 
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If tliis adjuftment be again examined, it will perhaps be found 
imperfedf; in this cafe, it therefore remains, either to repeat the ad- 
juftmenr, or rather, to find the error of adjuftment, or as it is ufual- 
ly called, the index error, which may be done thus: 

Let the fight be diredted through the vane to the horizon, move 
the index till the refledfed horizon coincides with that fecn diredfly, 
and the difference between O on the limb, and O on the vernier, is 
the index error, which is additive, when the beginning of the ver- 
nier is to the right of Q on the limb, otherwife l'ubtradfive. 

Adjustment IV. 

To Jet the back horizon glafs perpendicular to the plane of the injlrument. 

Put the index to O, hold the plane of the quadrant parallel to the 
horizon, and diredt the fight towards the horizon, through the back 
fight vane. Now if the horizon refledfed from the filvered part 
of the glafs, is in the fame ftraight line with that feen through the 
tranfparent part, the glafs is perpendicular to the plane of the inftru- 
ment. If the horizons do not unite, turn the funkferews in the pedef- 
tal of the glafs, till both appear to make one continued ftraight line. 

Adjustment V. 

To Jet the back horizon glafs perpendicular to the plane cf the index glafs 
produced, the index being at Zero. 

Let the index be put as much to the right of O as twice the dip 
•f the horizon amounts to, hold the quadrant in a vertical pofition, 
and apply the eye to the back horizon vane ; then, if the refledfed ho- 
rizon coincides with that feen diredfly, the glafs is adjufted; other- 
wife, the ferew in the middle of the lever on the other fide of the 
quadrant muft be unturned, and the nut at its extremity turned till 
both horizons coincide. We may obferve, that the refledfed horizon 
will be inverted, that is, the fea will be apparently uppermoft, and 
the Iky lowermoft. 

The back horizon glafs may be eafily adjufted at land, as follows: 

Place three rods perpendicular to the horizon, in a fandy beach, 
or level field, fo as to be exadtly in the fame ftraight line, and near- 
ly equidiftant from each other, the diftance between two adjacent 
rods being not much lefs than a quarter of a mile; if the diftance 
be greater, fo much the better; then put the index of the' quadrant 
exadtly at O, and let the obferver be ftationed at the middle rod, 
with the plane of the quadrant parallel to the horizon, and the index 
glafs above the rod. Now diredt the fight to one of the extreme 
rods, and if the refledfed image of the other rod coincides with that 
feen diredfly, the glafs is adjufted; if the coincidence is not perfedt, 
unturn the milled icrew, in the middle of the lever belonging to this 
glafs, and turn the nut at the end of the lever, till both rods appear 

in 
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in one, and the glafs will be adjufted; then fallen the milled fcrew. 

This adjullment, as well as that of the fore horizon glafs, is fub- 
jeft to a fmall error, which is chiefly produced in faftening the mill- 
ed fcrew, in the middle of the lever; it therefore becomes neceflary 
to find the error of adjullment, which may be done by again examin- 
ing the coincidence of the objects as before, after the milled fcrew 
is faftened, and making it perfect by moving the index, and the in- 
terval between the beginning of the index feale, and Zero on the 
limb, will be the error of adjullment, or the index error for the 
back obfervation, to be applied as formerly. In the above determi- 
nation, we have fuppofed the rods to be in the fame llraight line, 
which can be very eafily effefled ; however, if thefe rods are not 
exadlly in a right line, the error of adjullment may be thus found. 

Let one of the extreme rods be called the JirJi, and the other the 
fecund rod; now the obferver being placed at the middle rod as before, 
let the fight be direfled to the firfl rod, make the reflefted image of 
the fecond rod coincide with it, by moving the index, and mark the 
divifion pointed out by the feale. Then let the obferver turn half round, 
diredl the fight to the fecond rod, and move the index till the firlb 
feen by refleftion coincides with it, and again mark the angle Ihown 
by the index feale.* Now if one of thefe angles be meafured on the 
limb, and the other on the arch of excefs, half their difference will 
be the error of adjullment, or index error; but if both angles be 
meafured either on the limb, or on the arch of excefs, half their 
fum is the index error ; fubtraflive from altitudes given by the qua- 
djant, when the angle, Ihown on the limb, exceeds that on the arch, 
of excefs, or if both angles be meafured on the limb: in other cafes, 
this error is to be added. If the obfervation is that of the angular 
dillance between any two objefts, then the fupplement of that given 
by the quadrant correfled as above will be the angle required. 

Various other methods have been propofed, for effecting the ad- 
juftment of the back horizon glafs, fome of which we lhall briefly 
mention, ill, In Mr Dollond’s method, an index is applied to the 
back horizon glafs, by which it may be moved, fo as to be parallel 
to the index glafs, when O on the index feale coincides with O on 
the limb. When this is effected, the index of the back horizon 
glafs is to be moved exaftly 90° from its former pofition, which is 
known by means of a divided arc for that purpofe, and then the 
plane of the back horizon glafs will be perpendicular to the plane 
of the index glafs produced. 2d, In Mr Blair’s method, the under 
edge of the index glafs is ground and polilhed, fo as to be at right 

angles 

* Or invert the pofition of the quadrant, by turning its face downwards ; hold it* 
plane level as before, and direft the fight again to the firft rod ; move the index till the 
fecond fetn by reflection coincides with it, and lead otf the angle (town by the divid- 
ing feale. 
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angles to the plane of the glafs, and hence the back horizon glafs is- 
adjulled, by making the diredt and refledted horizons agree, the in- 
dex being at O, exadfly in the fame manner as the fore horizon 
glafs is rendered parallel to the fpeculum. 

UJe of Hadley's Quadrant in obferving Altitudes at Sea. 

The altitude of any objedf is determined by the pofition of the index 
on the limb, when by refledfion that objedf appears to be in the ho- 
rizon. In obferving altitudes, it will be found mod convenient tohold. 
the quadrant with the left hand, and move the index with the right. 

Hence the left hand is to be applied to the further radius, towards 
the end of the curved brace, and the right hand to the lower part 
of the index. 

If the objedf whofe altitude is to be obferved be the Sun, and if 
fo bright that its image may be feen in the tranfparent part of the 
fore horizon glafs, the eye is then to be applied to the upper hole in 
the fore fight vane, otherwife to the lower hole; and in this cafe, 
the quadrant is to be fo held, that the Sun may be bifefted by the 
line joining the filvered and tranfparent parts of the glafs. Hence one 
half of the Sun will be reflected from the filvered part of the glafs. 

The Moon is to be kept as nearly as poffible in the fame pofition, 
and the image of a ftar is to be refledted from that part of the fil- 
vered part of the glafs, which is adjacent to the line of feparation of • 

the two parts. . 

In obferving the altitude of any objedf, the quadrant mull be helif 
perpendicular to the horizon, and fo, that its plane produced would 
pais through that objedf. In obfervations of the Sun, this latter 
pofition is eafily obtained, by holding the quadrant fo, that the, fha- 
dow of the further radius may fall on that next the obferver; in this 
cafe, the fight is to be -diredted to the horizon. If the obferved ob- 
jedt is not the Sun, it will be proper to diredl the fight to the objedf j 
the quadrant being held fo, that the image of the objedf may appear 
in the filvered part of the glafs, as before mentioned, the index is to 
be moved till either limb of the objedf appears in contadf with the ho- 
rizon; but becaufe that part of the horizon, which is immediately 
under the objedf, is not exadfly known, it therefore becomes necet- 
fary to give the quadrant a flow vibratory motion, the axis of which 
being that of fight, the obferver at the fame time turning himfelf 
about upon his heel,* fo as to keep the objedf always in that part 
of the horizon glafs, which is at the fame diftance as the eye from 
the plane of the quadrant. By this means the refledfed objedf will 
deferibe an arc of a parallel circle round the true Sun, whofe con- 
vex fide will be downwards in the fore obfervation, and upwards in 
the back; and therefore when, by moving the index, the loweft 

F poin 

* Dr JifaP. dyne’s rematkson Hadley’s quadrant. Nautical Almanac, 1774. 
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point of the arc in the fore obfervation, or highefl in the back, i$ 
made to touch the horizon, the quadrant will ftand in a vertical 
plane, and the altitude above the viiible horizon will be properly 
obferved. 

It is often found, in meafuring the altitude of any objefl, or the 
diftance between two fixed objefts, that a different angle* will be 
obtained, by finilhing the obfervation with a motion of the index in 
contrary directions. Thus the angle, obtained by moving the index 
according to the order of the divifions on the limb, is always found 
greater, than when the index is moved in a retrograde direction, or 
contrary to the order of the divifions. As this error arifes from the 
bending of the index, it may be obviated by taking care to move the in- 
dex the fame way, both in the adjufting and in taking the obfervations. 

It frequently happens, that, when the objeCt is nearly in contaft 
with the horizon, the obfcrver, by endeavouring to make this con- 
tad better, often pulhes the index too far, and thereby renders the 
con tad worfe than before. In order to remove this inconvenience, 
die beft quadrants are provided with a fcrew at the lower end of the 
index, called an adjufting or tangent fcrew, by which a flow motion 
may be given to the index. Hence thofe fudden Harts, to which 
it is liable when moved by hand, are prevented. 

A fmall magnifying glafs will be found of great fervice, in read- 
ing off the obferved angle; in doing which, the limb may be held 
towards the obferver, and the eye Ihould be in a plane perpendicu- 
lar to the quadrant, palling thro’ the coinciding divifions. 

To take Altitudes by the Fore Obfervation . 

I. Of the Sun. 

Turn down either of the coloured glaffes before the horizon glafs, 
according to the brightnefs of the Sun ; and if the Sun is bright 
enough to be feen in the tranfparent part of the glafs, let the eye be 
placed at the upper hole in the fight vane, otherwife at the hole 
next the plane of the quadrant; direft the fight to that part of the 
horizon which is under the Sun, and move the index till the co- 
loured image of the Sun appears in the horizon glafs; then give the 
quadrant a flow vibratory motion, about the axis of vifion, move 
the index till the Sun’s lower or upper limb, at the loweft part 
of the arch deferibed by this motion, is in contaft with the horizon, 
and the degrees and minutes, Ihown by the index on the limb, will 
be the obferved altitude of the Sun. 

II. Of the Moon. 

Put the index to O, turn down the green tinged glafs, place the 
eye at the lower hole in the fight vane, and look at the Moon thro* 

the 

• An excellent account of this error is given in the Nautical Almanac for 1788. 
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the fight; which being found in the fiivered part of the horizon 
glafs, move the index gradually, and follow the Moon’s relief! ed 
image, till the enlightened limb is in contaft with the horizon, at 
the lower part of the arch defcribed by the vibratory motion, as in 
the laft article; and the index will Ihow the obferved altitude of 
that limb of the Moon, which was brought in contaft with the ho- 
rizon. If the obfcrvation is made in the day time, the coloured 
glafs is unneceftary. 

III. Of a Star or Planet. 

Put the index to O, direft the fight to the ftar, thro’ the lower 
hole in the fight vane, and tranfparent part of the horizon glafs; 
move the plane of the quadrant a very little to the left, and the 
image of the ftar will be feen in the fiivered part of the glafs ; then 
move the index, and the image of the ftar will defcend ; continue 
this motion of the index till the ftar is in contaft with the horizon, 
at the loweft part of the arch defcribed ; and the degrees and mi- 
nutes fttown by the index on the limb will be the oblerved altitude 
of the ftar. 

When the horizon, under the object whole altitude is intended to 
be obferved, is obfcured or rendered imperfeft, by fog or any other 
impediment, the back obfervation becomes neceffary; we would, 
however, advife the obferver, before he depends entirely on the al- 
titude taken by the back obfervation, to accuftom himfelf to this 
mode of obferving, and to afeertain what accuracy he is capable of 
attaining, by comparing altitudes taken by this method with thofe 
of the fame objeft, taken at the fame time by the fore obfervation, 
allowance being previoufly made for the dip and index error. 

To take Altitudes by the Back Obfervation. 

I. Of the Sun. 

Put the ftem of the coloured glaffcs into the hole between the 
horizon glalTes; turn down either, according to the brightnefs of 
the Sun, and hold the inftrument vertically; then direft the fight 
thro’ the hole in the back fight vane, and tranfparent flit in the ho- 
rizon glafs, to that part of the horizon which is oppofite to the Sun; 
move the index till the Sim is in the fiivered part of the glafs, and. 
by giving the quadrant ■& vibratory motion, whole axis is that of vi- 
fton, the image of the Sun will deferibe an arch whofe convex fide 
is upwards; now bring the limb of the Sun, when in the upper part 
of the arch, in contaft with the horizon ; and the degrees and mi- 
nutes fhown by the index on the limb will be the altitude of the 
other limb of the Sun. 

IT. Of the Moon. 

The altitude of the Moon is obferved in the fame manner as that 

F 2 of 


Digitized by Google 


( 3 <* ) 

of the Sun, with this difference only, that the ufe of the coloured 
glafs is unnectflary, unlefs the Moon is very bright, and that the 
enlightened limb, whether it be the upper or lower, is to be brought 
in cent aft with the horizon. In the day time, the Moon’s altitude 
may be obferved, as direfted in the next article. 

III. Of a Star or Planet. 

' Look direftly to the ftar, through the vane and tranfparent flit in 
the horizon glafs, move the index till the oppofite horizon, with 
refpeft to the liar, is feen in the lilvered part of the glafs, and make 
the i ontaft perteft as formerly. If the altitude of the Haris known 
nearly, the index may be fet to that altitude, the light direfted to 
the oppofite horizon, and the obfervation made as formerly. 

Unlefs obfervations are made accurately, the conclufions to be 
made therefrom cannot be depended on and fxnce a Angle altitude 
is not to be fo much relied on, as the mean of feveral, taken at fliort 
intervals of time, therefore four or five altitudes Ihould be taken at 
nearly equal intervals of time, and their fum, divided by their num- 
ber, will be the mean altitude which the objeft would probably have 
had, at the mean interval, or the inftant arifing from the divifion 
of the fum of the times of oblervation by their number. If the in- 
tervals between the fucceflive ohfervarions are fliort, and nearly 
equal, the correfponding differences of altitude will alio be either 
nearly equal, or gradually increaflng or decreafing Hence an er- 
roneous altitude may eafily be diicovered ; thus, if the altitudes of 
an objeft were 19 0 58', 20° 4', 20° u', and 20° 15', and thecor- 
xefponding times of obfervation, 9h. 15' i", 9I1 15' 45", 9)1. 16' 36'', 
and 9b. 17 ' 30", relpeftively, it may hence be pielumed, that the 
three firlt altitudes are tolerably accurate, but that the laft Ihould 
have been about 20° 18', and therefore luch altitude Ihould be ab- 
folutely rejefted. 

This method of deducing the mean altitude of the fame limb of 
the Sun is, however, attended with an error ariflng from the irra- 
diation, or apparent fpreadingof its rays, beyond the true limb; and 
therefore in order to diminifh, if not wholly to dellroy it, the mean 
of an equal number of altitudes of each limb, obferved at nearly 
equal intervals of time, Ihould be taken. 

Examination of a Quadrant. 

If a quadrant be carefully made by a good artifl, it may be very 
fafely depended on; but as many quadrants are made by workmen 
carelefs of their reputation, it therefore becomes neceflary to examine 
any inllrument very particularly, before it is purchafed — or, if it be 
already purchafed, to be able to make allowance in fubfequent obfer- 
vations for any error to which it may be liable. For this purpofe, it 
is hoped, the following remarks will be found of fervice. 
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The frame of the quadrant ought to be made of well feafoned 
wood — otherwifc, the aftion of the Sun, at the time of obfervation, 
will be ready to alter its plane; from this caui'e, an error may be 
produced in the obferved angle. This alteration may be obferved, 
by looking along the plane of the inftrument. The frame (hould 
alfo be entirely free of rents, and every joint (hould be as clofe as 
poffible. 

The length of the fcale )n the limb thou Id be adapted to the radius 
of the inftrument; this may he examined in the following manner. 
Conftruifl a fcale of equal parts, as accurately as poffible, upon 
which meafure the length of the radius of the inftrument, or diftance 
between the center of motion and the exterior circular line bounding 
the divifions; then will the extent between o° and 90 0 be equal to 
the diameter of the inftrument x, 3 8628. If, therefore, the corre- 
fpondent number be taken from the fcale of equal parts, and applied 
to that on the limb, it (hould reach from o° to 90°. 

If the diameter of the inftrument be divided decimally, the extent 
between any two divifions on the limb will be equal to the fine of one 
fourth of the intercepted angle. 

The divifions on the limb may be alfo verified, as follows. In a 
fandy beach or level piece of ground, let two rods be placed in a ver- 
tical pofition, at a convenient and nearly equal diftance from the 
obl'erver; adjuft the quadrant by the left hand rod, and obferve, 
as accurately as poffible, the angular diftance between thefe rods; 
let this obfervation be repeated, and the mean of thefe meafurcs will 
be the correft angle between the rods; now meafure the diftance be- 
tween the center of the index glafs and each rod, and alfo the dift- 
ance between the rods, as accurately as poffible. Hence the angle 
at the center of the index glafs may be found by computation, the 
difference between which and that by obfervation, will be the error 
of the fcale at that particular divifion. By increafing and diminifhing 
the diftance between the rods, and proceeding as above, it will be 
known if the error is proportionable to the arc; and in any cafe a 
table of errors may be drawn out. 

The intermediate divifions may alfo be examined, by means of the 
index fcale, provided it be of the proper length; which may be ea- 
fily known, by multiplying the radius of the inftrument by ,05526, 
if that fcale takes in 6° 20', hut by ,06108 if it is equal to 7 0 . 
Now let one of the extreme divifions on the index fcale be put to any 
degree, and the other extreme divifion will coincide with a divifion 
on the limb; and in this maimer may the whole fcale be verified. 
Toaffiftthe eye, while examining the coincidence of the divifions, 
a magnifying glafs will be abfclutely neceffary; and it (hould be 
fo held, that its axis may be perpendicular to the plane of the inftru- 
meiir, and over the divifion to be examined. 
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The accuracy of the divifions of the index fcale may be eafily exa* 
mined, by obferving if the differences of coincidence between thefe 
divifions and thofe on the limb be tegular, and that no two divifions 
on the index coincide with two, at the fame time, on the limb, the 
extreme divifions excepted. 

The index fhould be of a fufficient ftrength to prevent it, as much 
as poffible, from bending, when moved along the limb; it fhould 
be entirely free of any (hake or play at the center, nor fhould its mo- 
tion there be ft iff. Both furfaces of each mirror fhould be perfeCt 
planes, and firiCtly parallel to each other; the firft of thefe requifites 
may be verified by means of tw’o diftant objects, as follows. 

Move the index, till both objeCts are exactly in contact at the 
tipper edge of the filvered part of the horizon glafs ; now the plane 
of the quadrant being ftill directed to the fame objeCfs, move it, in 
its own plane, fo as to make the united images move along the line of 
reparation of the horizon glafs, and if in this motion the images con- 
* tinue united, the reflecting furface is a good plane — otherwife the 
plane is imperfeCt. The parallelifm of the planes of any of the reflect- 
ing furfaces may be examined, by viewing the image of the flame of 
a candle reflected obliquely from the glafs ; for if that image appears 
fingle and well defined about the edge, the furfaces of the glsffes arc 
parallel to each other — but if the #efleCted image is repeated, the 
planes of the glafs are inclined, and if produced would meet. If 
this glafs was conftruCted fo as to be capable of reverfion, the in- 
clination of its planes might be found, and hence a table drawn up, 
to exhibit the error anfwering to any given angle. 

The coloured glades fhould be free of veins, and have their 
planes true and parallel. The veins in a coloured glafs may be 
difeovered, by viewing the Sun through it, and the want of paral- 
Ieliftn of the planes may be found in the following manner. 

Obferve the Sun’s altitude when very near the meridian, and faften 
the index by the ferew for that purpofc; then turn the coloured 
glafs fo, that the plane which was next the index glafs may now be 
next the horizon glafs, and if the altitude is the fame, the planes of 
the glafs are parallel to each other; if not, make the contaCt of the 
Sun’s limb and horizon perfeft, and half the difference of altitude 
will be the error of the coloured glafs. The lefs the meridian alti- 
tude of the Sun, the more accurately this verification wall be made; 
aud it fhould not be attempted, when the Sun is near the zenith. 
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CHAP. II. 

Of the Sextant. 

T HE Sextant, as its name implies, is the fixth part of a circle, 
and therefore contains 6 o°, but becaufe of the double reflec- 
tion it is divided into 120 0 . It is conilrufted on the fame principles 
as the quadrant, and may be faid to be that inftrument extended.- 
As the fextant is particularly intended to meafure the diftauce of the 
Moon from the Sun, or a fixed liar, it is therefore conftrudt ed with 
more care, and provided with fome additional appendages, that are 
wanting in the quadrant. 

This inftrument is commonly made of metal; the index and limb 
are of brafs, but the frame is of a harder compofition; the only 
wooden part belonging to it is a handle attached to the back, by 
which, when obferving the diftance between two object's, it is to 
be held with one hand, while the other is regulating the motion 
of the index. 

A degree on the -limb of this inftrument is commonly divided 
into three equal parts, and therefore each of thefe parts contains 20 
minutes. The index fcale is divided fo as to Ihow half minutes, 
and fometimes every tenth fecond. 

That end of the index next the limb is furniftied with an adjuft- 
ing, or, as it is fometimes called, a tangent fcrew, by which the index 
may be moved (lowly and regularly, and therefore the contaft of 
the limbs of any two objefts may be made as perfect as the eye is 
able to diftinguifh, when aflifted with one of the telefcopes, which 
accompany this inftrument. 

In moft fextants, the lower half of the index glafs, or that next 
the plane of the inftrument, is filvered as ufual, and the back fur- 
face of the other half is ground and painted black. A thin plate of 
brafs, equal in length and breadth to the filvered part of the fpecu- 
lum, and moving on an axis, is to be railed before that part of the 
index glafs, when the Sun is very bright; in which cafe, the reflec- 
tion is taken from the polilhed lurface of the upppr half of that 
glafs, fo that any error which might probably arife from the want 
of parallelifm in the planes of the glafs, is by this means avoided. 
This plate is alfo painted black. 

A (extant is not fitted up for the back obfervation; and in fome, 
the horizon glafs is fo fixed to the inftrument, as to be incapable of 
adjuftment. In inftruments of this conftrudlion, it becomes abfo- 
lutely neceflary to find the index error. 

The coloured glafles are fimilar to thofe applied to a common 
Hadley’s quadrant, and are ttfually four in number; a fextant is, 
however, generally provided with thfee more, to be placed occa- 
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fionally on the farther fide of the horizon glafs. Thefe arc parti- 
cularly ufeful in obferving the fun’s altitude by reflection at land ; 
or in finding the index error, by means of the i'un. 

There are two telefcopes belonging to the fextant, one of which 
fhows objefts in their natural pofition ; and the other is of the com- 
mon afhonomical conftruCtion, and therefore fhowing objeCts in- 
verted : A tube, without glatres, alfo accompanies this instrument. 
By means of thefe, the line of fight may be rendered parallel to the 
plane of the fextant ; and the contact of the limbs of any two ob- 
jects more accurately obferved. The tube, or either telefcope, is to 
be fcrewed into a bra ft ring, which is connected with another brafs 
ring, by means of two fcrews, in fuch a manner, as to ratfe or 
lower the telefcope, in order that the line of coilimation may be di- 
rected to a proper part of the horizon glafs. 

A circular head, containing a plate, in which are three coloured 
glafles, and an aperture without glafs, fomctimes accompanies the 
fextant : This head is to be fcrewed on the eye end of the tube, or 
on that of either telefcope ; the edge of the plate projects a little 
beyond the head on one fide, and is moveable by the finger, fo 
as the perforation, or either coloured glafs, may be brought oppofite 
to the circular aperture in the head. 

Fig. 7th is a plan of the fextant, as defcribed above ; fig. 8th is 
one of the telefcopes ; fig. 9th is the field of view of the telefcope, 
with the two parallel wires; fig. 10th is the tube; and fig. 1 rth is 
a feClion of the inftrument at the line AB, in which D is a feCtion 
of the handle, at its proper diftance from the plane of the inftru- 
ment. 

Adjustments of the Sextaht. 

The adjuftments of a fextant, are to fct the mirrors perpendicu- 
lar to its plane, and parallel to each other, when the index is at ze- 
ro, and to reftify the pofition of the line of coilimation. The devi- 
ation of each of thefe from its true pofition might indeed be found, 
and the refulting error of obfervation, from thence computed : But 
this by no means ought to be admitted, unlefs in cafes of abfolute 
neceffity. 

Adjustment I. 

To fet the index glafs perpendicular to the plane of the fextant. 

Put the index to about 60°, and hold the plane of the fextant 
nearly parallel to the horizon, the limb being from the obferver : 
then direft the fight to the fpeculum, and if the reflected limb of the 
inftrument, appears to be cxaCtly in the fame plane with that feen 
direCtly; the glafs is perpendicular to the plane of the inftrument. 
But if the limbs are not in the fame plane, turn the fcrews in the 
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projefling plate behind the fpeculum, till they are apparently fo, 
and the glafs will be adjalled. This adjuftment might be cft’efted 
by means of the adjufting tool. 

Adjustment II. 

To fet the horizon glafs perpendicular to the plane of the fextant. 

The index glafs being previoufly adjufted, fet the beginning of the 
divifions on the index to zero on the limb, and hold the plane of 
the inftrument in a horizontal pofition; then dire ft the fight to the 
horizon glafs, and if the rtflefted horizon is apparently in the fame 
ftraight line with that feen diredtly, the glafs is perpendicular to the 
■plane of the fextant; otherwife, turn the adjufting ferew of the ho- 
rizon glafs, at the back of the inftrument, till the coincidence of the 
reflefted and direft horizons is perfeft. 

Adjustment III. 

To fet the horizon glafs parallel to the fpeculum. 

Set the firft divifion on the index to zero on the limb, fallen the 
Index in this pofition, and make the coincidence of thefc divifions 
perfefl, by means of the adjufting ferew at the end of the index, the 
eye being affifted with the magnifying lens; ferew the telefcope ire 
its fupport, and turn the ferew belonging thereto, at the back of 
the inftrument, till the field of the telefcope is bifefted by fhe line 
which;.f«parates the filvered and tranfparent parts of the horizon glafs; 
now hold the fextant vertically, direft the fight to the horizon, and 
if the reflected and direft horizons do not coincide, releafe the ferew 
■which lies nearly behind the fupport of the telefcope, and turn the 
nut at the extremity of the lever, till the coincidence of the horizons 
is perfeft; and the horizon glafs will be adjufted. 

After the ferew which retains the lever in its place is fattened, 
it will be proper to examine this adjuftment; if the coincidence of 
the horizons is not perfeft, the adjuftment is to be repeated till it is 
fo; but as it is difficult to obtain an exaft coincidence by this 
means, the horizons may be brought to coincide, by turning the ad- 
jufting ferew of the index — and the difference between the two 
zeros is the index error. 

The index error may alfo be found, by meafuring the diameter of 
the Sun or Moon twice, with a motion of the index in contrary di- 
reftions. If both meafures are taken either to the right or left of O 
on the limb, half their lum will be the index error, and is fubtrac- 
tive or additive accordingly; but if one of the meafures is taken to the 
right, and the other to the left of O, half their difference is the in- 
dex error, being additive when the diameter meafured to the left of 
O exceeds that meafured to the right — otherwife, fubtrafUve. Since 
in fiome fextants the horizon glafs cannot be adjufted, the index error 
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mult therefore be found, and in this cafe it may be confidered as a 
conftant quantity, to be applied to all angles meafured with the fame 
inllrument. 

In altitudes obferved at land by the method of refleftion, the 
double altitude afFefted by the index error is given by the inllrument} 
in this cafe, it will be found convenient to call half the index error, 
the correftion, which being applied to half the angle given by this 
inllrument, will give the apparent altitude of the objeft. 

Adjustment IV. 

Tjj male the line of collimation * parallel to the plane of the Sextant. 

Turn the eye end of the telefcope, containing the two parallel 
wires, till the wires are parallel to the plane of the inllrument, and 
let two diflant objefts be felefted, as two liars of the firlt magni- 
tude, or the Sun and Moon, whofe diilance may not be lefs than 
tjo° or ioo°; make the contaft of the limbs of thefe objefts as per- 
feft as poffiblc, at the wire nearell the plane of the inllrument; fix 
the index in this polition; move the fextanttill the objefts are at the 
other wire, and if the fame limbs are in contafl, the axis is adjulled; 
but if the limbs are either apparently feparated, or partly cover each 
other, correft half the error by the ferews in the circular part of the 
fupporter, one of which is above, and the other between the tele- 
Icope andfextant; turn the adjulling ferew at the end of the index, 
till the limbs are in contadl; then bring the objects to the wire next 
the inllrument, and if the limbs are in contadl, the axis of vifion of 
the telefcope is parallel to the plane of the inllrument — if not, pro- 
ceed as at the other wire, and continue till no error remains. 

If the Moon is one of the objefts, this adjullment mull be perform- 
ed as quick as polfible; otherwife, allowance mull be made for the 
Moon’s apparent motion in the interval. 

This adjullment may be alfo performed in the manner afterwardsde- 
feribed, for adjulling the line of collimation of the circular inllmmcnr. 
The error of the line of collimation being given, the refulting error 
of obfervation may be found by entering table xxii. with the above 
error at the top, and the obferved diilance in the fide column. 

It is fometimes necelfary to know the angular diilance between the 
wires of the telefcope; to find which, let thefe wires be placed perpen- 
dicular to the inllrument, hold the fextant vertical, dire ft the fight to 
the horizon, and move the fextant in its own plane, till the horizon 
» and upper wire coincide; keep the fextant in this polition, and move 

the index till the reflefted horizon is covered by the lower wire, and 
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the divifion fhown by the index on the limb, yorredled by the index 
error, will be the angular diftance between the wires. 

Use of the Sextant. 

The fextant is particularly adapted to meafure the angular dift- 
ance between the Moon and the Sun, or a fixed ftar. When the 
diftance between the Moon and either of thefe objedts is to be ob- 
ferved, the fextant rauft be held fo, that its plane produced may 
pafs through the eye of the obferver and both objedts; and the re- 
fledted image of the moft luminous of the two, is to be brought in 
contact with the other feen directly. To eftedt this, therefore, it is 
evident, that, when the brighteft objedt is to the right of the other, 
the face of the fextant muft be held upwards ; but if to the left, 
downwards. When the face of the fextant is held upwards, the 
inftrument fhould be fupported with the right hand, and the index 
moved with the lefts but when the face of the fextant is from the 
obferver, it fhould be held with the left hand, and the motion of 
the index regulated by the right hand. 

Sometimes a fitting pofture will be found very convenient for the 
obferver, particularly when the refledted objedt is to the right of the 
diredt one’, in this cafe, the inftrument is fupported by the right 
hand, the elbow may reft on the right knee, the right leg at the 
fame time refting on the left knee. 

If the fextant is provided with a ball and focket, and a ftaff, one 
of whole ends is attached thereto, and the other refts in a belt fatt- 
ened round the waift of the obferver; the greater part of the weight 
of the inftrument may by this means be fupported by his body. 

To obfeme the dijlance between the Moon and any cehjlial object. 

I. Between the Sun and Moon. 

Put the telefcope in its place, and the wires parallel to the plane 
of the inftrument, and if the Sun is very bright, ratfe the plate be- 
fore the fdvered part of the fpeculum; diredt the telefcope either to 
tile tranfparent part of the horizon glafs, or to the line which lepa- 
rates the fdvered and tranfparent parts of that glafs, according 
to the briglitnefs of the Sun, and turn down one of the coloured 
glaffes ; then hold the fextant fo, that its plane produced may pais 
through the Sun and Moon, having its face either upwards or down- 
wards, according as the Sun is to the right or left of the Moon; 
diredi the fight through the telefcope to the Moon, and move the 
index till the limb of the Sun is nearly in contadi with the enlighten- 
ed limb of the Moon ; now fatten the index, and by a gentle mo- 
tion of the inftrument make the image of the Sun move alternately 
paft the Moon, and, when in that pofition where the iiinbs are 
ueareft each other, make the coincidence of the limbs perfedl, by 

G 2 means 


Digitized by Google 


( 44 ) 

means of the adjufiing fcrew. This being efledted, read ofF the de- 
grees and parts of a degree pointed out on the limb by the index, 
ufing the magnifying glafs; and thus the angular difiance between 
the limbs of the Sun and Moon is obtained. 

II. Between the Moon and Star. 

Direfl the middle of the field of the telefcope to the line of repa- 
ration of the filvered and tranfparent parts of the horizon glafs; if 
the Moon is very bright, turn down the lightefi coloured glafs, and 
hold the fextant fo, that its plane may be parallel to that palfing 
through the eye of the obferver and both objedls; with its face up- 
wards, if the Moon is to the right of the liar — but if to the left, 
the face is to be held from the obferver. Now direct the fight thro’ 
the telefcope to the liar, and move the index till the Moon appears 
by refledtion to be nearly in contadl with the liar; fallen the index, 
and turn the adjulling fcrew, till the coincidence of the liar and en- 
lightened limb of the Moon is perfedt — and the degrees and parts of 
a degree, (hown by the index, will be theobferved diltance between 
the Moon’s enlightened limb and the Aar. 

The contadl of the limbs mufi always be obferved in the middle 
between the parallel wires. 

It is fometimes difficult, for thofe not much accufiomcd to obferva- 
tions of this kind, to find the refledted image in the horizon glafs; it 
will perhaps be found more convenient to look diredlly to the objedt, 
and by moving the index, to make its image coincide with that l’een 
diredlly; or if the diltance between the objcdls be known nearly, the 
index may be fet to this difiance; the fight being diredted to one of 
the objedts, and the fextant held as formerly deferibed, the other 
pbjedt will be l'een in the field of the telefcope. 


CHAP. III. 

Of the Circular Instrument of Reflection. 

T HIS infirument was propofed, with a view to corredt the er- 
rors to which a fextant is liable, and in particular the error 
ariling from the inaccuracy of the divifions on the limb. It was in- 
vented by the late celebrated allronomer Profeffor Mayer, and fince 
has been greatly improved by the Chevalier de Borda, and M. jean 
Hyacinth de Magellan. 

This infirument confifts of the following parts, a circular ring 
or 1 mb, two moveable indices, two mirrors, a telefcope, coloured 
glades, &c, 
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The. limb of the inftrument is a complete circle of metal, and is 
connected with a perforated central plate by fix rad.i; it is divided 
into 720 degrees, becaufe of the double re (left ion; each degree is 
divided into three equal parts, and the divifion is carried to minutes 
by means of the index fcale, as ufual. , 

The two indices are moveable round the fame axis, which partes 
cxaflly thro’ the center of the inftrument; the firft index carries the 
central mirror, and the other, the telefcope and horizon glafs, each 
being provided with an adjufting ferew for regulating its motion, 
and a fcale for fhewing the divifions on the limb. 

The central mirror is placed on the firfi index, immediately above the 
center of the inftrument, and its plane is inclined to the middle line 
of the index about 30°. The four ferews in its pedeftal, for mak- 
ing its plane perpendicular to that of the inftrument, have fquare 
heads, and are therefore eafily turned either way by a key for that 
purpofe. 

The horizon glafs is placed on the fecond index near the limb, 
fo that as few as poflible may be intercepted, of the rays proceeding 
from the reflefted objeef, when to the left. The perpendicular po- 
fition of this glafs is rectified in the fame manner, as that of the ho- 
rizon glafs of a fextant, to which it is fimilar. It has alfo ano- 
ther fmall motion, whereby its plane may be difpofed fo, as to make 
proper angles with the axis of the telefcope and a line joining its 
center, and that of the central mirror. 

The telefcope is attached to the other end of the index. It is 
an achromatic aftronomical one, and therefore inverts the obferved 
objedls; it has two parallel wires in the common focus of the glafs, 
diftant from each other between two and three degrees, and which, 
at the time of obfervation, mull be placed parallel to the plane of 
the inftrument. This is eafily done, by making the mark on the 
eye piece coincide with that on the tube. The telefcope is moveable 
by two ferews in a vertical direction with regard to the plane of the 
inftrument, but is not capable of receiving a lateral motion. 

To this inftrument belong two fets of coloured glafTes, each con- 
taining four, and differing in fhade from each other. The glafTes of 
the larger let, which belongs to the central mirror, fhould have each 
about half the degree of fhade with which the correfpondent glafs, 
of the fet belonging to the horizon mirror, is tinged — becaufe the 
ray frem the luminous objedt pafTes twice thro’ the coloured glafs 
placed before the central mirror, and only once through the other 
coloured glafs. Thefe glafTes are kept tight in their places, by fmall 
prefling ferews, and make an angle of about 85° with the plane .of 
the inftrument; by which means, the image from the coloured glafs 
is not reflected to the telefcope. When the angle to be mealured is 
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between 5 0 and 34°, one of the glades of the largeft fet is to be 
ui’ed; in other eafes, one of the lets fet is to be placed before 
the horizon glafs. 

The handle is of wood, and is fcrewed to the back of the inftru- 
mert, immediately under the center, with which it is to be held at 
the time of obfcrvation. 

Fig. 12. is a plan of the inftrument, wherein the limb is repre- 
sented by the divided circular plate; A is the central mirror, aa the 
places which receive the parts aa of the coloured glafs, fig. 15. EF 
the firft or central index, with its fcale and adjufting fcrew — MN the 
Second or horizon index — GH the telefcope — IK. the fcrews for mov- 
ing it to and from the plane of the inftrument — .C the place of the 
coloured glafs, fig. 14. — and D its place in particular obfervations. 

Fig. 13. is a feftion of the inftrument, wherein the l’everal parts 
are referred to by the fame letters as in fig. 12. — fig. 14. reprefents 
one of the horizon coloured glaftes — and fig. 15. one of the central 
coloured glaftes — fig. 16. is the key for turning the adjufting fcrews 
of the mirrors — fig. 1 7. is the handle — jig. 1 8. a leftion of one of 
the radii, towards its middle — fig. 19. the vente/le, which is only 
ufed in terreftrial obfervations, for diminiftiing the light of the direft 
objeft, and whole place at the time of obfervation is D. — fig. 20. is 
the tool for adjufting the central mirror vertically, and for reftifying 
the pofition of the telefcope with regard to the plane of the inftru- 
ment. There is another tool exattly of the fame fize of the former; 
the height of thele is nearly equal to that of the middle of the central 
mirror. 

Adjustments of the Circular Instrument. 

The tendency of thefe adjuftments is, to make the mirrors perpen- 
Cicular to the plane of the inftrument, to make the line of collima- 
tion parallel thereto, to prevent any falfe light from entering the 
telefcope, &c. Some of thele adjuftments being once made, will 
continue perfeft, for a confiderable fpace of time, provided the in- 
ftrument receives no injury; but it will be neceflary to examine 
others from time to time. 

Adjustment I. 

To ftt the horizon glafs fo, that none of the ray from the central mirror 
fball be refected to the telefcope from the horizon mirror, luithout puffing 
thro' the coloured glafs belonging to this laji mirror. 

Phce the coloured glafs before the horizon mirror, direfl: the te- 
lefcope to the filvered part of that mirror, and make it nearly parallel 
to the plane of the inftrument; move the firft index, and if the rays 
from the central mirror tp the horizon glafs, and from thence to 
the telefcope, have all the fame degree of fliade with that of the 
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coloured glafs ufed, the horizon glafs is in its proper pofition; 
otherwiie, the pedeAal of this glafs mull be turned, till the unco- 
loured images dilappear. 

Adjustment II. 

To Jet the central mirror perpendicular to the plane of the injlrunient. 

Place the two adjuAing tools on the limb, about 350° of the in- 
ftrument diAant, one on each fide of the divifion on the left, an- 
Iwering to the plane of the central mirror produced; then, the eve 
being placed at the upper edge of the neareA tool, move the central 
index, till only half of the re defied image of this tool is leen in the 
central mirror towards the left, and move the other, till its half to 
the right is hid by the fame edge of the mirror; then if the upper 
edges of both tools are apparently in the fame Araight line, the cen- 
tral mirror is perpendicular to the plane of the inArument; other- 
wife, bring them into this pofition, by the ferews in the pedeAal of 
the mirror. 

This adjuAment may be performed in the dime manner as ufed in 
fetting the fpeculum of a fextant or quadrant perpendicular. 

Hence, by examining this adjuAment in different parts of the 
limb, it will be known if the limb be in the fame plane. 

Adjustment III. 

To fet the horizon mirror perpendicular to the plane cf the injlrument. 

The central mirror being previoufly adjuAed, direff the fight 
through the telefcope to any well defined objefl; then if, by moving 
the central index, the refledfed image pafTes exadlly over the objedi 
leen diredlly, the mirror is perpendicular; if not, its pofition muA 
be redtified by means of the ferews in the pedeAal of the glafs. 

( A planet, or Aar of the firA magnitude, will be a good objedi for 
this purpofe; the Sun will alfo be found very convenient for making 
this adjuAment, in which cafe, one of the coloured glafTes muA be 
put on the farther fide of the horizon mirror. 

This adjuAment may be alfo performed by obferving, if the hori- 
zon of the fea, feen in the filvered part of the horizon glafs, and 
by the edge of that glafs appears to make one continued Araight 
line. 

Adjustment IV. 

To make the line of coUimation parallel to the plane of the injlrument. 

Lay the inArument horizontally on a table; place the two adjuA- 
ing tools on the limb, towards the extremities of one of the diame- 
ters of the inArument, and, at about 15 or 20 feet diAant, let a well 
.defined mark be placed, lb as to be in the fame Araight line with the 
tops of the tools ; then raife or lower the telefcope, till the plane 
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palling through its axis and the tops of the tools is parallel to the 
plane of the inftrument, and direft it to the fixed object ; turn either 
or both of the ferews of the telefcope, till the mark is apparently 
in the middle between the wires; then is the axis of the telefcope 
parallel to the plane of the inftrument, and the difference, if any, 
between the divifions pointed out by the indices of the ferews will 
be the error of the indices. Hence this adjuftment may, in future, 
be eafily rectified. 

In this procefs, the eye tube muft be placed fo, as to obtain 
diftinft vifion. 

Adjustment V. 

To find that div'fion , to which the fecond index being placed , the mirrors 
will be parallel , the central index being at zero. 

Having placed the firft index exactly to O, direft the telefcope 
to the horizon mirror fo, that its field may be bifefted by the line 
joining the filvered and tranfparent parts of that mirror; hold the 
inftrument vertically, and move the fecond index, till the direft and 
reflected horizons agree — and the divifion ihown by the index will 
be that required. • 

This adjuftment may alfo be performed by meafuring the diameter 
of the Sun or Moon in contrary direftions. The middle between 
the divifions on the limb will be that required. Or it may be effeft- 
cd, by making the reflected and direft images of a ftar or planet 
coincide. 

Since it very often happens, that the contaft of the obje£ts cannot 
be obferved exaftly in the middle of the field of the telefcope, it 
therefore becomes neceffary to know the interval between the point 
where the contaft was obferved, and the middle of the field, ex- 
prefled in minutes. This may be eftimated, by knowing the angu- 
lar diftance between the wires, which may be thus determined: 

Turn round the eye piece of the telefcope, till the wires are per- 
pendicular to the plane of the inftrument, and put the firft index to 
O; direft the telelcope to any well defined objeft, and move the ho- 
rizon index, till the reflefted and direft objefts are coincident; 
then make one of the wires coincide with the objeft, and turn the 
central index till the reflefted image of the objeft coincides with the 
other wire — and the arch paffed over by that index will be the angu- 
lar diftance between the wires. 

The interval between the point where the contaft of the limbs was 
obferved, and the middle of the field, being eftimated, the corre- 
fponding error of obfervation is found direftiy from table xxii. 
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Verification of the Paralleli/m of the Surfaces of the Glaffes. 

I. Of the Central Mirror. 

Seledt two well defined objedts, whofe angular diftance exceeds 
90° or ioo° ; now the inftrument being accurately adjufled, let fe- 
veral obfervations of the angular diftance between the objedts be tak- 
en, in the manner hereafter to be deferibed, and from thence find 
the mean angular diftance. Then take out the central mirror, and 
turn it fo, that the edge which was formerly uppermoft may now 
be next the plane of the inftrument; redtify its pofition, and take 
an equal number of obfervations of the angular diftance of the fame 
two objects; now half the difference between the mean of thefe, 
and that of the former, will be the error of the mirror anfwering to 
the obferved angle. If the firft mean exceeds the fecond, the error 
is fubtradtive; otherwife fubtradtive, the mirror being in its firft 
pofition. 

The error correfponding to any other angle may be found thus. 
Add together the proportional logarithm of the error found as above, 
the proportional logarithm of the error anfwering to the given dift- 
ance from col. 4. tab. xxi. and the arithmetical complement of the 
proportional logarithm of the error correfponding to the obferved 
diftance from the fame table; the fum, rejedting 10 in the index, 
■will be the proportional logarithm of the required error. Hence a 
particular table of errors for a given mirror, whofe planes are in- 
clined, may be conftrudted. 

Since the angle between the plane of the horizon glafs and axis of 
the telefcope produced is conftant in all obfervations, therefore no 
error arifes from the want of parallelifm in its furfaces. 

II. Of the Coloured Glaffes. 

Place one of the coloured glalfes on this, and another on the far- 
ther fide of the horizon mirror with refpedt to the telefcope; fet the 
firft index to O, diredt the telefcope to the Sun, and move the fecond 
index till the limbs of the diredt and refledted images coincide ; ob- 
ferve at leaft five or fix contadls, and from thence find the mean 
point of divifion anfwering thereto; then turn the neareft coloured 
glafs, fo that the furface which was from the horizon mirror may 
now be towards it, obferve the contadt of the fame two limbs as 
often as before, and find the mean divifion ; then half the difference 
between thefe two means will be the error of the neareft coloured 
glafs, which is additive or fubtradtive, according as the firft mean 
is lefs or greater than the fecond, the coloured glafs being in its firft 
pofition. In like manner, the parallelifm of the furfaces of the other 
coloured glaffes may be examined, and that of the green glafs may 
be verified by means of the Moon. 
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As in crols oblervations, the errors arifmg from the coloured 
glafs are nearly counterbalanced, in this cafe the above error may 
therefore be neglefted. This error will alfo vanilh in obfervations 
to the right or to the left, by taking an equal number, and changing 
the pofition of the coloured glafs at each obfervation. 

Use of the Circular Instrument. 

There are three different methods of obferving the angular dift- 
ance between two objefls with this inflrument. The obfervation 
taken by the firft method is named, an Obfervation to the Right; 
that by the fecond, an Obfervation to the Left, and the laft is called a 
Crofs Obfervation. 

An obfervation to the right is that, wherein the objefl, whofe image 
is to be reflected, and the central mirror, are on the fame fide of the 
telefcope. An obfervation to the left, when the objefl to be reflefl- 
ed and the central mirror are on oppofite fides of the telefcope — 
which, in both cafes, is fuppofed to be directed to the other objefl ; 
and a Crofs Obfervation is the combination of two fucceffive obfer- 
vations, the one being to the right, and the other to the left. 

General Precepts, 

For obferving the Angular Di/lance between any two Objects. 

Adjuft the inflrument, as before direfted; then put the firft index 
to O, and the other index fo, that both mirrors may be parallel ; 
hold the inflrument in fuch a pofition, that its plane produced may 
pafs through both objefls, having its face upwards, if the refiefled 
objefl is to the left of the other, but downwards, if to the right; di- 
redt the telefcope to the objefl which is apparently the leaft luminous, 
and move the fecond index according to the order of the divifions, 
till the limb of the refledled objefl is in contafl with that of the ob- 
jcfl feen diredlly; fallen the fecond index, and make the coinci- 
dence of the limbs perfefl, by means of the adjufling ferew — and 
the arch paffed over by that index, will be nearly equal to the di- 
ltance between the limbs of the objefls. Now move the firft index 
towards the fecond, by a quantity equal to twice the meafured di- 
flance; invert the pofition of the inflrument, by direfling its face to 
the oppofite point; direft the telefcope to the fainteft objefl, and 
both will be feen in the field; make the contafl of the fame two limbs 
perfefl, and half the angle fhown by the central index on the limb 
will be the angular diftance between the limbs of the objefls. 

If the Sun is one of the objefls, a coloured glafs muft be placed 
before the central mirror, when the diftance is between 5 0 and 35 0 . 
In other diftances, one of the coloured glaffes belonging to the ho- 
rizon mirror is to be ufed. 

In order to render the obfervations as accurate as poflible, it will 
be neceffary to continue meafuring the angular diftance as above, 
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till the central index has parted once or twice over the limb; and the 
degrees and parts of a degree, contained in the revolutions and ex- 
cels of a revolution, being divided by twice the number of crofs ob- 
fervations, will be the angular diftance between the objects. On 
this the principal advantage of the circular inftrument depends. 

It might fecm fuperfl uous to enlarge upon the ufe of this inftrument ; 
however, as fome may with to have inftrudtions for every particular 
operation, it is therefore thought proper to fubjoiu the following 

Particular Precepts. 

I. 

To ohferve the Di/lance between the Sun and Moon. 
i ft. The Snn being to the right of the Moon. 

Prepare the inftrument for obfervatkm, as directed above; let a 
proper coloured glals before the central mirror, if the diftance be- 
tween the objedls is lefs than 35 0 , but if above that quantity, place 
a coloured glafs before the horizon mirror; make the mirrors parallel 
or nearly fo, the firft index being at O, and hold the inftrument fo, 
that its plane may be directed to the objects, with its face down- 
wards, or from the obferver; direct the fight thro’ the telefcope to 
the Moon; move the fecond index, according to the order of the di- 
vifions on the limb, till the neareft limbs of the Sun and Moon are 
almoft in contadt; fallen that index, and make the coincidence of the 
limbs perfedt, by the adjufting l'crew belonging thereto; then invert 
the inftrument, and move the central index towards the fecond, by 
a quantity equal to twice the arch palfed over by that index; direct 
the plane of the inftrument to the objedls, look diredtly to the Moon, 
and the Sun will be feen in the field of the telefcope; fallen the cen- 
tral index, and make the contadt of the fame two limbs exadt, by 
means of the adjufting ferew; then half the arch parted over by the 
central index will be the diftance between the neareft limbs of the 
Sun and Moon. 

2d. The Sun being to the left of the Moon. 

The inftrument being previoully prepared ; hold it with its face 
upwards, fo that its plane may pals through both objedts, diredt the 
telefcope to the Moon, and make its limb coincide with the neareft 
limb of die Sun’s refledted image, by moving the fecond index; now 
put the inftrument in an oppofite pofition, diredt its plane to the ob- 
jedts, and the fight to the Moon, the central index being previoully 
moved towards the fecond, by a quantity equal to twiw the meafured 
diftance ; and make the fame two limbs that were before obferved 
coincide exadtly, by turning the adjufting ferew of the full index; 
then half the angle Ihown by the firft index will be the angular di- 
ftance between the obferved limbs of the Sun and Moon. 
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II. 

2 a ohjerve the angular di/lance between the Moon and a fixed fiar 

cr planet. 

i ft. The ftar being to the right of the Moon. 

In this cafe, the ftar is to be confidered as the direct objefh, and 
the enlightened limb of the Moon’s reflected image is to be brought 
in contact with the ftar or planet, both by a direft and inverted po- 
fition of the inftrument, exactly in the fame manner as deferibed in 
the laft article. If the Moon’s refk&cd image is very bright, the 
lighteft tinged glafs is to be ufed. 

2d. The ftar being to the left of the Moon. 

Proceed in the fame manner as directed for obfervingthe diftance 
between the Sun and Moon, the Sun being to the right of the Moon, 
and ufing the lighteft tinged glafs, if neceffary. 

Befides the inllruments already deferibed, for meafuring the an- 
gular diftance between the Moon, and the Sun or a fixed ftar, feveral 
others have been propofed for the fame purpofe, particularly the 
Megameter , by M. de Charniercs, which is conftrufted on the fame 
principle as the objeft glafs micrometer; but fince this inftrument 
does not meaftne angles above io°, and becaufe the diftances given 
in the Nautical Almanac always exceed that quantity, we therefore 
will not enter upon a defeription of it, but refer to his treatife, en- 
titled, Thccrie et Pratique des Longitudes en Mer, printed at Paris in 
3772. A defeription of Mr Garrard’s Antimeter may be feen in the 
pamphlet, which accompanies that inftrument. 


C H A P. IV. 

Of the manner of taling a complete Jet of Lunar Olfervations. 

I N order to take a fet of lunar obfervations, in a regular and ac- 
curate manner, three affiftants will be neceffary, whereof two 
are to obferve the altitudes of the Moon, and the Sun or ftar, at the 
fame time that the diftance is taken by the principal obferver; the 
other affiftant, having a watch fhowing feconds, is to mark the time 
when thefe obfervations are made. If the Sun or ftar is at a proper 
diftance from the meridian, the time may be inferred from the alti- 
tude obferved at the fame time with the diftance, and therefore the 
watch is not neceftary;' but if the objeft with which the Moon is 
compared be ti*j near the meridian, the watch is abl'olutely neceftary, 
in order to connect the obfervations for afeertaining the apparent 
time at the fhip, and the longitude, with each other. This laft aflift- 
ant muft be provided with a pencil and paper, to write down the ob- 
fervations, as they are taken — which may be as follows ; 
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The fextant and quadrants being accurately adjufted, or the er- 
ror of adjuftment found, let their indices to the eftimate diftance 
and altitudes refpeflivcly. Now let the principal obferver place his 
afllftanrs in the mod convenient fittiation poflible, and deftre them to 
be prepared when he is ready to obferve the diftance; then all are to 
begin to obferve at the fame time, and when the principal obferver 
has obtained a perfeft coincidence of the limbs of the objects, he is 
to make it known to his aftiftants. The pqjlon having the watch 
is immediately to write down, firft the fccond, and then the minute 
of obfervation; the hour being previoufty marked, the principal ob- 
ferver is to read off the diftance, tiling the magnifying glafs, which 
he is to communicate to the time alfiftant, that it may be wrote af- 
ter the time of obfervation. The other aftiftants are in like manner 
to report the obl'erved altitudes of the .limbs of the objefts feparately. 
Hence a complete fet of obfervations is obtained. In this manner, 
let thefe obfervations be repeated, till at leafl four or five different 
fets are obferved, which may be eafdy accomplilhed in the fpace of 
fix or eight minutes, and thefe fets ought to be taken at nearly equal 
intervals of time. The mean of each particular obfervation is to be 
taken — that is, the fum of each is feparately to be divided by the 
number of fets; aDd the longitude of the fhip is to be inferred from 
thence, in the fame manner as from a fingle fet, but much more to 
be depended on. 

To illuftrate the above, the following obfervations, taken in the 
manner deferibed, are fubjoined. 

D March ad, 1589, Height of the eye r8 feet. 

Times p. watch. | Dift. © and 5 ’s ncarcfl limbs | Alt. D ** up. limb | Alt. © 's low. limb 


23 b. 8' 31" — 

— 71° 5<V lb'' — 

— 19" . 5 ' — 

— 248 

56 ' 

11 18 — 

5% 20 — 

— 19 26 — 

— iJ 

I 

i.1 if — 

J 3 0 — 

— 19 45 — 

— 35 

5 

15 I — 

J 3 50 — 

- — 20 % 

— 25 

» 

16 36 — 

54 30 — 

— 20 15 

— 35 

13 

Sum 14 41 

14 50 

21 3 


2 4 

Mean 23 12 j6 

71 5 * J8 

19 42.6 

*5 

4.8 


The aftronomical method of reckoning the time has been follow- 
ed, in order to make it agree with the Nautical Almanac. The 
mean of the above times reckoned nantically would be, March 3, 
11 h. 12' 56", A. M. and if the- above mean had been March 3d, 
1 h. 13', then by the nautical account it would be, March 4th, 1 h. 
1 3', P. M. Hence, in the prelcnt cafe, the aftronomical method 
of reckoning time feems preferable to the nautical method. 

An expert obferver may, in cafe of neceffity, diminifh the number 
of his aftiftants, and might even be capable of making all the nccef- 
fary obfervations himfelf, with a tolerable degree of accuracy, as 
follows: 
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Let wo or three altitudes of the limbs of the Sun and Moon be 
taken, and write down the time of each; then obferve five or fix 
diftances between the limbs of thefe objctffs, and laftly, feveral alti- 
tudes of each are to be again oblerved. Now find the mean of each 
particular fet of obfervations, and reduce the altitudes to the time 
of the mean diftance, which may be done by even proportion, the 
motion in altitude being fuppofed uniform during the interval be- 
tween the obfervations; and hence a complete let will be obtained. 

The following obfervations being given, it is required to reduce 
the altitudes to the time of the mean diftance. 

Times p."J o h. 24' 31" Alt. O’* 1 . limb = 34® 6' f 

watch, J 25 4 i _ — _ _ 54 5 C Means, oh. 23' 37 "— 54 ° 3 * 

26 40 — * — — — 54 4 J 

27 50 Alt. J ‘s u limb 20 If 

»8 44 — — — — 20 3 > — oh. *8' 47" — JO® 3.3 

29 46 — — — — JO 5 J 

• 31 10 Dill, neareft limbs 73 13 -) 

3 * SO — — — — 73 I 3 f / 

33 3 ° — — — — 73 14 >— oh. 33' 43"— 73° 13' 57# 

35 o — — — — 73 14 ' I 

36 40 — — — — 73 I4IJ 

37 13 Alt. o’* I- limb S3 54 f 

3 i 10 — — _ _ 53 53 > —oh. 38' 14"— 53° 5*'-7 

39 3 * — — — — 53 Si J 

41 I J Alt. J ’s up. limb 20 57 f 

4 > 4 — — — — !I 4 ( — oh. 42' 14" — 11° 4'-3 

43 36 — 21 12 J 

oh. 35' 37" — — — oh. 2 S' 37" .44® s' 

cfh. 38 24 — — — oh. 33 43 53 5»-7 

13 47 t 8 6s: 12.3 : 8' 

Sun’s altitude at 0 h. 23' 37' — — — 34 5 


'Reduced altitude of Sun’s lower limb — j 3 37 
eh. 28' 47" —oh. 28' 47" — 20® 3'.3 

eh. 43 14 — oh. 33 43 — 21 4.3 


13 J 7 « 4 56 : : 1 1 s 22/3 

Moon’s altitude at oh. a8' 47" . — — — 20 3.3 


Reduced altitude of the Moon's upper limb — 20 23.6 

We have now obtained the following fet of obfervations. 

Times p. watch. | Dirt, neateft limbs of O 5 | Alt. © s 1 . limb | Alt. ]) 'sup. limb, 

o h. 33' 43 " — — 73 ° * 3 ' 57 " — — — 53 ° 57 ' — — so? 33'.6 

One 


• When the olijcft is near the meridian, as the Sun in the prefent example, the 
change of altitude is not proportionable to the time. However, as theft altitudes are 
to be ufed only in clearing the apparent diftance, and becaufe no material error can 
arife in the diftance, from an error of a few minutes in the altitude— theteforc the 
rule of proportion will be ftill found fuHicienlly accurate for the above purpdfe, when 
the intctval of time is ihort. The change of altitude may he more accurately comput- 
ed by the rule given in the text, 
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One fet of altitudes of the Sun and Moon would be fufficient, pro- 
vided the azimuths of the objefts be known,* as then the change 
of altitude in the interval between the obfervations of the altitude 
and dillance may be found by computation as follows : 

To the con ftant logarithm 8,8239, fl dd the log. fecant of the la- 
titude, the log. co-fecant of the azimuth, and the proportional lo- 
garithm of the interval of time between the obfervations of the al- 
titude and dillance; the fum, rejefling radius, will be the propor- 
tional logarithm of the correfponding change of altitude. 

If the Sun is near the meridian, at the time when the dillance is 
obferved, the apparent time cannot be deduced from thence with a 
fufficient degree of accuracy ; if, therefore, the error of the watch 
is not known, altitudes of that objefl, when at a proper dillance 
from the meridian, fhould have been taken before the obiervation 
of the dillance, or mull be taken afterwards, for the exprefs pur- 
pofe of afeertaining its error. The apparent time might, indeed, be 
inferred from the Moon’s altitude — but for feveral reafons, it is 
not fo much to be depended on, as that deduced from the Sun’s 
altitude. 

If, in places where the Sun rifes and fets daily, the obfervations 
are taken any time between half an hour after fun rife and ten o’- 
clock in the forenoon, or between two in the afternoon, and half 
an hour before fun fet — the apparent time may be inferred from the 
Sun’s altitude. In this cafe, a watch is not abfolutely necelTary. 

A fet of obfervations may be taken with accuracy during the 
time of the evening or morning twilight f and the obferver, though 
not much acquainted with the liars, will not find it difficult to di- 
llinguilh the liar with which the Moon is to be compared; for the 
time of obfervation, and the Ihip’s longitude by account, being 
known, the eftimate time at Greenwich may be found; and by en- 
tering the Nautical Almanac with the reduced time, the dillance 
between the Moon and given liar will be found nearLy. Now fet 
the index of the fextant to this dillance, and hold the plane of the 
inltrument lo, as to be nearly at right angles to the line joining the 
Moon's cufps; dire£t the fight to the Moon, and, by giving the 
fextant a flow vibratory motion, the axis of which is that of vifion, 
the liar, which is ufually one of the brightell in that part of the 
heavens, will be leen in the filvered part of the horizon glafs. 

CHAP. 

• Sine of azimuth = Secant altitude. CoSne latitude Sine did. objeft from meridi- 
an, to radius 1. 
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CHAP. V. 


Of the Corrections to le applied to the Altitude cf an Object obferved 
at Sea, and to the obferved Diftance between itvo ObjeEts. 

T 1HE altitude of the limb of a celeflial body, obferved at fea, re- 
* quires four feparatc corredlions, independent of thofe ariling 
from the errors of the inftrument, In order to obtain the true alti- 
tude of its center. Thefe are on account of the Semidiameter, De- 
preffion of the Horizon, Refraction, and Parallax. The femidia- 
meter and parallax however vanilh, when the obferved objedt is 
a fixed Par. The diftance between the limbs of the Sun and Moon, 
or between a Par and t|ie Moon’s limb, is affedled by refradtion and 
parallax; but the difiance between two Pars is affedled by refrac- 
tion only. 

Of the Semidiameters of the Sun, Moon, and Planets. 

The femidiameter of the Sun is given in the Nautical Almanac, 
page hi. of the month for the noon of every fixth day, and that of 
the Moon in page vn. to the time of noon and midnight, by the 
meridian of Greenwich. Thefe femidiameters may be reduced to 
any intermediate time, and to any other meridian, by proportion. 

The Moon’s femidiameter, as given in the Ephemeris, is the angle 
under which it would be feen when in the horizon, or from the cen- 
ter of the earth; but the apparent magnitude of an objedt is inverfely 
as its diftance from the obierver, and fincc the Moon is nearer an 
obferver, by a complete femidiameter of the earth, when in the ze- 
nith, than it is when in the horizon; and becaufc the femidiameter 
of the Earth has a fenfible ratio to the diftance of the Moon from 
its center, the femidiameter of the Moon will be apparently increaf- 

ft 

ed by a quantity equal to -y 45 «_ y » wherein f is the horizontal 

femidiameter of the Moon. This quantity is called the greateft aug- 
mentation; and the augmentation at any given altitude will be equal 
to the fine of that altitude, the radius being the greateft augmenta- 
tion. Table xxx. contains the augmentation of the Moon’s femi- 
diameter. 

The diftance of the Sun from the Earth being immenfe, when 
compared with the Earth’s radius, the augmentation of the Sun’s 
femidiameter is therefore infenfible. 

When the altitude of the lower limb of the Sun or Moon is ob- 
ferved, its femidiameter muft be added thereto; but if the upper 
limb be obferved, the femidiameter muft be fubtradfed, in order to 
obtain the central altitude. The contrary rule is to be applied to 
altitudes taken by the back obfervation. In altitudes of the Sun, 

taken 
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taken for the purpofe of afcertaining the latitude, and when no great 
predfion is required, 1 6 minutes may be allowed. If a greater de- 
gree of accuracy is fought, the femidiameter may be taken from 
the Nautical Almanac to the neareft tenth of a minute. But when 
altitudes are obferved at land with a good inftrument, the femidia- 
meter is to be taken out to the neareft tenth of a fecond. 

If the diftance between the neareft limbs of the Sun and Moon is 
obferved, their apparent femidiameters muft be added thereto, in or- 
der to -obtain the central diftance. If the neareft limb of the one of 
thefe objects is compared with the remote limb of the other, the ap- 
parent femidiameter of the firft muft be added to, and that of the 
fecond fubtrafted from the obferved diftance. If the diftance be- 
tween the Moon and a fixed ftar be obferved, the Moon’s augment- 
ed femidiameter muft be added to, or fubt afted from the obferved 
diftance, according as the neareft or remote limb of the Moon is 
compared with the ftar. 

The apparent femidiameter of a planet is variable. This varia- 
tion depends on the diftance of the plahet front the Earth; and fined 
the apparent femidiameter of any of the planets never exceeds half 
a minute, the altitude of the' center may therefore be obferved with, 
fufficient accuracy. A fixed ft ir has no fenfible magnitude, when 
viewed with a very powerful telefcope. 

Of the Depression of the Horizon. 

The Depreffion, or as it is commonly called, the dip of the horizon , 
Is the angle contained between the fenfible and apparent horizons, 
the angular point being the eye of the obferver. 

Since the altitude of any objeft, oblerved at fea, is meafured from 
the apparent horizon, and as this horizon is below the Jenfible, by 
a quantity depending on the height of the eye, the altitude of a ce- 
leftial objeft, as taken by the fore obfervation, is therefore greater, 
but lefs when the back obfervation is ufed, by a quantity equal to the 
angle contained between theie horizons. 

Illustration. 

Let ABD, (fig. 21.) be a feftion of the earth, -whole plane pro- 
duced pafles thro’ the obferver and objeft, and let BE be the height 
of the obferver’s eye above the earth’s furface; hence FEG will be 
^ the fenfible horizon, EHI the apparent horizon, and therefore the 
angle FEI the depreflion of the apparent, below the lenfible horizon. 
Let O be any objeft whole altitude is to be obferved, which is done 
by bringing its image in contaft with the ray from the eye to the ap- 
parent horizon produced; and therefore the angle OEI is the obferv- 
• ed altitude, being greater than the angle OEE, the altitude unaffeft- 
ed by dip, by the angle FEI. In the back obfervation, the obferved 

I alti- 
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altitude is OEK, to which the angle HEF =: GEL muft be added, to 
obtain the altitude above the fenfible horizon FE. 

The dip may be computed by the following rule. To the con- 
flant logarithm 0,4236, add the proportional logarithm of the height 
of the eye above the f'ea, in feet; half the l'um will be the propor- 
tional logarithm of the dip of the horizon. 

Example. 

Required the dip cf the horizon, answering to an elevation of too feet 
above the furface of the fea ? 

Conflant logarithm — — 0,4236 

Given height, icofcet, = 1' 40" P. L. 2,0334 


Sum 2,4570 

Dip of the horizon, 10' 38" P. L. 1,2285 

The dip is affefted by Terreftrial Refraftion, which, according 
to Dr Mafkelyne, amounts to about one tenth of the whole; Bouguer 
and Lambert fuppofe it to be -j and T ’ x refpeftively — but, according 
to General Roy,* it varies from J to of the comprehended arc. 

Since the figure of the Earth is that of an oblate fpheroid, the ra- 
dius of curvature is therefore variable with the latitude; it hence fol- 
lows, that lpeaking ftri&ly, no fingle table of dip can anfwer in all 
places. Tables of dip fhould be conftruffed, fo as to anfwer to 
the latitude of the place, and azimuth of the obferved objedL — 

It, however, may be oblerved, that the difference of dip arifing ; 
from the above caufe is fo inconfiderablc as to have been hitherto 
neglefted. 

Of Refraction. 

The refraftion of any celeftial body is the difference between its 
apparent place, and that wherein it would be feen, if the fpace be- 
tween the lpeftator and objeft was either a void, or of an uniform 
denfity. 

The courfe of a ray of light from any luminous body is rectilineal, 
while it moves thro’ a medium f of an uniform denfity. If a medi- 
um of a different denfity be interpofed, the ray will be bent from its 
original courfe at the junction of the two media, and affume a new 
reftilineai direction, provided this laft medium be of an equal denfity 
throughout; but if the medium be of a different denfity, and fo, 
as to become either more denfe or continually rarer, the ray will 
deferibe a curve. Now the denfity of the atmofphere increafes, as it 
approaches the Earth’s furface ; hence a ray from any celeftial body 
will delcribe a curve, in paffing thro’ the atmofphere to the ' eye of 

an 

9 Philofophical Tranfa&ions for 1790, Part 1 . 

f Any tranfparcnt fubflar.ee, as the atmofphere, water, glafs, &c. is called a medium* 
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an obferver; and the angle contained between the tangent to this 
curve at the eye, and a Untight line from the eye to the object is 
called the Refraftion. 

Illustration. 

Let the circle ABC (fig. 22.) reprefent a feftion of the earth, 
DEF the furrounding atmofphere, S the apparent place of a ftar, 
and R the point wherein it would be leen by an obferver at A, if 
the intervecning fpace was a void, or of an uniform denfity. Now 
let the ray RD be incident on the furface of the atmofphere at D, 
which, therefore, inftead of proceeding in a reftilineal direction to 
E, will be ref rafted to A in the direftion of the curve DA, becaufe 
the denfity of the atmofphere increafes, as it approaches the earth’s 
furface; hence an obferver at A will fee the objeft at S, the line 
AS being a tangent to the curve at A. The arch RS is called the 
Refraftion of the objeft in altitude, and is evidently to be fubtrafted 
from the obfcrved altitude, to obtain the true. 

Phsfical Caufc cf RejraFxion. 

Lemma i ft. A ray of light from any luminous objeft moves in a 
reftilineal direftion, in a medium of an uniform denfity. 

2d. A ray, palling out of one medium into another of a different 
denfity, will be bent out of its reftilineal direftion, at the junftion 
of the media; and if the medium from which the ray proceeds be 
rarer than that into which it enters, it will be attrafted towards the 
perpendicular at the point of incidence. This is evident, from the 
courfe of a ray out of air into water, &c. For the proof of thefie, 
the writers on Optics may be confulted. 

It is demonftrable, that every body is endowed with an attractive 
power, which reaches to fome diftance beyond its furface, as that 
of Cohefion, Magnetifm, &c. Now a ray of light from any of the 
heavenly bodies will, at its entrance into the terreltrial atmofphere, 
be attrafted towards the denfer parts; and fince the denfity of the 
atmofphere increafes, the nearer the Earth’s furface, therefore the 
ray, as it approaches the obferver, will be more and more attrafted, 
its velocity accelerated, and of courfe its reftilineal direftion chang- 
ed. Hence that portion of the ray contained between an obferver 
and the extremity of the atmofphere, will be a curve, except in that 
cafe, when the ray is perpendicular to the refrafting medium. 

Several eminent mathematicians, particularly Meffrs Bernoulli, 
Bouguer, Euler, Mayer, Scjour, Simpfon, &c. have inveftigated 
the law of this curve, and have given rules for computing the re- 
fraftion correfponding to any given altitude. We are however in- 
debted to the celebrated Dr Bradley for the following rule,* which 

I 2 he 

• Explanation and life of Dr Mafkelync’s Agronomical Tables, page v. Requi- 
site Tables, ill edit. p. 1 19. 
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he deduced from his obfervations, namely, That the refraction at any 
altitude is to 57 f ronds, in the diredl ratio of the tangent of the apparent 
zenith difiance, lefiened by three times the ejlimate refraction, to the radius. 
If a greater degree of accuracy is required, the computation mull be 
repeated, ufing the refraction thus found, in place of that by eftima- 
tion, or taken from tables. 

Example. 

Required the mean ref radii on f anfiwenng to 10° cf apparent altitude, 
the correfponding refraEt ion by Cajfini’s tables being 5' 28"/’ 

Apparent altitude, — — io° o' o" 

Thrice given refraflion = 16 24 Conflant log. 2.2775 


Sum 10 16 24 Tangent — 9-2583 


Approximate refraction — — 5 14 P. Log. — 1.5358 

3 


Thrice approx, refra&ion — 15 42 

Apparent altitude, 10 o o Conflant log. 2.2775 

Sum 10 15 42 Tangent — 9-2578 


Mean refraCtion, — — 5 15 P. Log. — 1.5353 

If the denfity of the atmofphere remained conftantly the fame, it 
might be naturally concluded, that the refraCtion anfwering to any 
given altitude would alfo continue invariable — but this is by no 
means the cafe; for it is found by obfervation, that the denfity of 
the atmofphere is variable, and according to the experiments of Mr 
Haukfbee and others, the refraCtive power is proportionable to its 
denfity; but the denfity of the atmofphere is direCtly as its compref- 
fing force, and inverfly as its heat — and fince the weight and heat of 

the 

f The mean refraflion anfwering to any given apparent altitude, may be computed 
by ti c following rule, deduced from a formula given by M. du Sejour, in the firft vcl. 
of his Traite Analytique dcs Mouvcmtns appaiens des Corps Celebes, p. 655. 

To the ‘bnttant log. 9 9991818 add the log cofine of an arch; the fum, rejefling 
radius, will bt the log. Ont fiuh of the difference between this arch and the a ppa- 
jent altitude, will he the »efraflion. 

Example. — Let the apparent altitude be lo°; required the correfponding refrac- 
tion ? 

Conflant logarithm — — — — — — — — 9.9992828 

Apparent altitude io y c' c" — — — Cofine 9-993.CS 15 

Arch — 10 31 22 — — Cofine 9.9926343 

31 22 

- — - = y 13^, 7 = Mean Refraflion. 
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the atmofphere are lhewn by the barometer and thermometer re- 
fpeftively, it hence follows, that the mean refraftion may be reduc- 
ed to the true, by allowing for the difference between the aftual and 
mean heights of the Mercury in thofe inftruments. 

The refraftive power of the atmofphere is as its weight, while its 
heat remains the lame; hence if a table of refraftion be adapted 
to the mean heat of the atmofphere, 4s 55 0 , and to a given altitude 
of the barometer, as 30 inches, then the mean refraftion will be to 
the true, as 30 inches to the obferved height of the barometer,* the 
thermometer being at 55 0 . 

The change of refraftion, arifing from a given change in the 
heat of the atmofphere, is determined by obfervation. M. de la 
Caille makes the change of refraftion, anfwering to a change of io° 
in Reaumur’s thermometer, to be of the whole; M. Mayer 
makes this change to be V-,. According to Dr Bradley, The true re - 
fraction is to the mean, in a direct ratio of the altitude of the barometer 
to 29.6 inches; end in an inverfe ratio of the altitude of the thermometer 
increafed by 350 to the number 400. Agreeable to this rule, table 
viii. was computed; from which the corrections of refraftion, anf- 
wering to a given altitude of the barometer and thermometer are 
found by infpection. 

Since the altitudes of the barometer and thermometer, are ob- 
ferved at one extremity only of the curve deferibed by the ray in its 
pafTage through the atmofphere ; it is hence evident, that thefe cor- 
rections ferve only to approximate to the true refraction. 

Of Parallax. 

That part of the heavens in which a planet would appear, if view- 
ed from the l'urface of the earth, is called its Apparent Place: and 

the 

* The mean refra&ioil is adapted to an altitude of 30 inches of the barometer, and 
55 0 of Fahrenheit’s thermometer : If, therefore, the barometer be ft the Oandard, 
but the thermometer higher than 55 0 , it is evident, the mercury in the barometer 
will be expanded, anil coDfcqucntly, the obferved height will exceed the true; other* 
wife it will be lefs than the true height. Again, fincc the expanfion of the mercury 
is as its height ; hence, the higher the barometer; the greater is the expanfion anf- 
wering to a given change in the thermom .tcr. It therefore becomes neceflary to cor- 
real the obferved altitude of the barometer. 

It is found, that the expanfion of the mercury in the barometer, anfwering to a 
change of i° in the thermometer, is about ,00304 of an inch. N->w let the difference 
between the height of the thermometer and 55 9 be called a, and the obferved height 
of the baiomctrr b . 

Then I •:**:: ,00304 : ,003041* 

And 30 ; b : : ,0030411 ; ,000101/1$ = corre&ion. 

Hence, if a cypher be prefixed to the obferved height of the barometer, and the 
whole confidercd as a decimal, then the produfl of this quantity by the decimal ,iot 
and by the difference between the height of the thermometer and 55 0 , will be the 
correction; which is additire, when ths thermometer is above 55°, otherwife, fub- 
tra&ive. 
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the poirit wherein it would be feen at the fame inftant from the 
earth's center, is called its True Place. The difference between 
the true and apparent places, is called the Parallax in Altitude. 

Illustration. 

Let C, (fig. 23.) reprefent the center of the earth, A the place of 
an obferver on its furface, whole fenfible horizon is AE, true horizon 
CF, and zenith Z, alfo let ZKEF be a great circle in the heavens, 
and GHD the apparent diurnal path of a planet, arifing from the 
rotation of the earth. Now let the planet be in any point H of its 
diurnal path, then will I be its apparent place referred to in the hea- 
vens, and K its true place; the difference between thefe or the arch 
KI is called the parallax in altitude. If the planet be in the zenith, 
its true and apparent places coincide, and therefore the parallax va- 
nilhes; but if the planet be in the horizon at D, then the arch LE, 
which is the meafure of the angle LDE = ADC, will be the ho- 
rizontal parallax. Hence alfo, the horizontal parallax of a planet is 
the angle which the Earth’s femidiameter, when viewed direftly, 
fubtends at that planet; and the parallax in altitude is the apparent 
angular difiance of the obferver from the center of the Earth, as 
feen from the planet’s center. 

The more elevated a planet is above the horizon, the lefs is the 
parallax, its difiance from the Earth’s center continuing the fame. 
When the planet is in the zenith, it has no parallax; but when in 
the horizon, its diurnal parallax is greateft. 

Since the apparent place of a planet is more diftant from the 
zenith than its true place, it is therefore evident, that the parallax 
in altitude muft be added to the obferved altitude, in order to obtain 
the place of the planet, as feen from the Earth’s center. 

The horizontal parallax being given, the parallax correfponding 
to any given altitude may be found by the following rule. To the 
log. fecant of the apparent altitude, add the proportional logarithm 
of the horizontal parallax; the film, rejecting radius, willbe the pro- 
portional logarithm of the parallax in altitude. 

Example. 

Let the apparent altitude of the Moon' 3 center he 23° 32', and ho* 
rizontal parallax 58' 46". Required the parallax in altitude ? 

Apparent altitude, 23 0 32' — Secant, 0,0377 

Horizontal parallax, — 58' 46" P. Log. 0,4861 

Parallax in altitude, — 53 53 P. Log. 0,5238 

Upon account of the revolution of the Earth about its axis, its 
figure is that of an oblate fpheroid; the equatorial radius is therefore 
the greateft, the polar femi-axis is the leaft, and the other radii are 

of 
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of an intermediate length, depending on the latitude of the place;- 
and fince the Moon’s horizontal parallax is the angle under which 
the Earth’s femidiameter appears at the Moon, it hence follows, 
that the horizontal parallax of the Moon will vary with the latitude, 
being greateft at the equator, and leaft at the poles ; but the hori- 
zontal parallax of the Moon, as given in the Nautical Almanac, is 
that anfwering to the equatorial radius, and therefore, in order to 
reduce it to any given latitude, it muft be diminilhed by a certain 
quantity. Table xxxii. contains this quantity, agreeable to Sir 
Il'aac Newton’s bypothelis. 

Summary of the Ccrre&ions. 

When the altitude of the lov/er limb of any objetft is obferved. its 
femidiameter is to be added thereto, in order to obtain the central al- 
titude ; but if the upper limb be oblerved, the femidiameter is to be 
fubtraffed. If the altitude be taken by the back obfervation, the 
contrary rule is to be applied. 

The dip is to be fubtra&ed from, or added to, the obferved alti- 
tude, according as the fore or back obfervation’is ufed. 

The refraflion is always to be fubtrafted from, and the parallax 
added to, the oblerved altitude. 

If the diftance between the neareft limbs of any two objects be 
obferved, that diftance is to be increafed by the futn of their femi- 
diameters ; but if the remote limbs be obferved, the diftance is to 
be diminilhed by the above fum. If the Moon’s enlightened limb be 
compared with the neareft and remote limbs of the bun alternately, 
half the fum of thefe diftances will be the diftance between the Sun’s 
center and the Moon’s enlightened limb. The diftance between a 
ftar and the Moon’s neareft limb is to be increafed by the Moon’s 
apparent femidiameter ; and the diftance between the Moon's remote 
limb and a ftar is to be diminilhed by the Moon’s femidiameter. If, 
at the time of full Moon, both limbs of the Moon be compared with 
a ftar, half the fum of thefe diftances will be the apparent central 
diftance between thefe objects. In like manner, if the diftance be- 
tween the Moon’s enlightened limb, and the neareft and remote 
limbs of a planet, apparently full, be obferved — then half the fum of 
thefe diftances will be the apparent diftance, between the Moon’s 
enlightened limb and the center of the planet. If the planet be not 
full, and the diftance between the enlightened limbs obferved, al- 
lowance is to be made for the planet’s femidiameter : this may, how- 
ever, be avoided, by obferving the diftance between the Moon’s 
limb and the planet’s center. 
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CONTAINING, 

‘The Method of finding the Longitude at Sea or Land by Lunar 
Obfervations . 

CHAP. I. 

Introduction. 

I F the latitude and longitude of a fhip at fea were accurately 
known, the courfe and diftance therefrom to any given port, 
might be eafily deduced by charts or otherwife. The latitude is as- 
certained from observation ; but the common method of deducing, 
the lhip’s longitude, from the courfe and diftance made good, is at 
belt only an approximation to the truth, and, at the end of the voy- 
age, the accumulated error is Sometimes very considerable ; having, 
in a run from Britain to the Weft Indies, been found to exceed eight 
or ten degrees. It has therefore been the wi(h of the practical na- 
vigator, and of every maritime nation, to have Some certain method 
of ascertaining the longitude of a Ship at fea. In order to obtain So 
ufeful a difeovery. Several very considerable rewards have been offer- 
ed to any perfon, who would give a method, by which the fhip’s 
longitude might be determined within proper limits, as often as ne- 
cefTary. 

The firft who offered a reward for the difeovery of the longitude 
at fea, was Philip III. of Spain in the pear 1598, and Soon after, the 
States of Holland followed his example. The reward offered by 
Philip was idoo crowns, and that by the States 10, coo florins. In 
the year 1714, the Britilh Parliament offered a premium of 2o,oool. 
and in 1716, a reward of 100,000 livres was promifed by the Duke 
of Orleans, who was then Regent of France. In confequence of 
which, many and various methods have been propofed to Solve this 
important problem ; of thefe which have hitherto appeared, that by 
oblerving the diftance between the Moon and the Sun or a fixed ftar 
Seems to be the moft proper for this purpofe, both on account of the 
frequency of the observations, and of the fhortnefs of the calcula- 
tions. 

John Werner of Nuremberg appears to be the firft who propofed 
the method of finding the longitude, by oblerving the diftance be- 
tween the Moon and a ftar, in his annotations on the firft book of Pto- 
lemy’s Geography, printed 1 5 14/ He recommends the crofs ftaff as 
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a very proper inftrument for the purpofe of obferving the diftance 
between thefe objeCts. 

This method was again recommended by Gemma Frifius, in his 
treatife, intitled, StruBura radii afronomici et geometric! , printed at 
Antwerp in 1545, which ufually accompanies his edition of Apian’s 
cofmography. At folio 39th, he exprefles himfelf as follows, “ Sed 
“ quotidie fere , ft quis velit longitudinem loci alicujus perquirere, is dili - 
“ genter confideret lun£ diflantiam ab aliquo ftdere , fydere firmaments 
“ per radium nojlrum. Ita tamen ut ilia Jlella fixa fecundum rcBum 
“ ecliptic, t duBum, Itwam, pnccedit aut fequalur. He then proceeds 
to (how how the Moon’s longitude is found from the above obierva- 
tion, and direCts the apparent time of obfervation to be inferred from 
the altitude of the ftar obferved at the fame inftant; the Moon’s lon- 
gitude at this time is alfo to be computed from the bell altronomical 
tables. Hence the difference between the obferved and computed 
longitudes of the Moon will be known; with which, and the Moon’s 
horary motion, the difference of longitude, between the place of ob- 
fervation and that to which the tables are adapted, may be found. 

The celebrated Kepler was fully perfuaded of the utility of this 
method of finding the longitude at fea. In his Rudolphine tables, 
he gave directions for obferving the diftance between the Moon and 
a ftar, and for making the necefTary computations, nearly the fame 
as thofe given by Gemma Fnfius. This method was alfo recom- 
mended by Longomontanus. 

Mr Blundevil defcribes this method of afcertaining the longitude 
at fea, in his Exercifes, printed at London, the invention of which, 
he attributes to Apian. It is alfo taken notice of by Carpenter in 
his Geography, printed at Oxford in the year 1635, wherein he fays, 

' This way was taught by Apian, iltuf rated by Gemma Frifius and Blun- 
devil. lie then proceeds to delcribe the manner of obferving the 
diftance, from whence the longitude of the place of obfervation is to 
be inferred as formerly. He concludes as follows: This way, though 
more difficult , may feeme better than all the ref, for as much as an eclipfe 
of the Moon feldom happens, and a watch, cloche, or hour glajfe cannot fa 
well be preferved, or at leaf fo well obferved in fo long a voyage, where- 
as every night may feem to give occafon to this experiment, if fo bee the 
ayre be freed from clouds, and the Moonc Jhew her face above the horizon. 

M. Jean Baptifte Morin, profelfor of mathematics at Paris, im- 
proved the above method; which, by order of Cardinal Richiieu, 
was examined in 1634. It was, however, judged to v be incom- 
plete, upon account of the imperfections of the lunar tables. Morin 
therefore wrote againft thofe appointed to examine his method, par- 
ticularly M. Pierre Herigone, who had propofed feveral methods 
of finding the longitude, in the fourth volume of his Courfe of Ma- 
thematics ; which methods Morin endeavoured to confute. An an- 
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fwer was given thereto by Herigone, at the end of the fifth volume 
of the above work, printed at Paris in 1637 — Although Morin 
did not obtain the reward he claimed for his improvement of the 
above method, yet, in 1645, Cardinal Mazarin procured him a pen- 
lion of 2000 livres. 

A method for the above purpofe was now much defired in Eng- 
land. The Royal Obfervatory at Greenwich was founded by 
Charles II. in th- year 1675, and Mr Flamfteed appointed Aftro- 
nomer Royal. The words of his commiflion were. To apply kimfdf 
•with the utmojl care and diligence to the reflifying the table s of the motions 
of the heavens , and the places of the fixed flats, in order to find out the 
fo much dijired longitude at fea, for perfecting the art of navigation. 

Among all the celeftial objedls, the Moon, upon accoun. of the 
quicknefs of its motion, appeared to be the bell adapted for the above 
purpofe. Any method, however, depending on obfervations of the 
Moon, which were to be compared with lunar tables, was very un. 
certain, as long as thofe tables remained fo inaccurate. The longi- 
tude, fays Mr Flamfteed*, might be alfo attained by obfervations of the 
Moon, if we had tables that would anfwer her motions exactly ; but after 
2000 years, we fnd the bef tables extant, erring fometimes 1 2 minutes or 
more in her apparent place, which would caufe a fault of half an hour, or •}{ 
degrees in the longitude deduced, by comparing her place in the heavens 
with that given by the tables. 

That juftly celebrated aftronomer and navigator. Dr. Edmund 
Halley, recommended obfervations of the Moon, as the moll cer- 
tain method of afeertaining the longitude at fea, haying, by his own 
experience, found the impraftibility of all the other methods propof- 
ed for that purpofe. He gave an excellent paper on that lubjeft, 
in the Philofophical Tranfaflions, No. 420, wherein he fhews the 
defefts of the lunar tables extant. By comparing the place of the 
Moon, as given by the tables, with that deduced from obfervation, 
he found the errors of the tables recur with great regularity, at 
the end of 18 years 1 1 days; fo that whatever error was found in 
a former period, the fame error was again repeated, under the like 
tircumftances, of the fame diftance of the Moon from the Sun and 
apogeon. Being encouraged by this, he next examined what diffe- 
rence might arife, from the period of nine years wanting nine days; in 
which time there are performed very nearly, one hundred and eleven 
lunations; but the return of the Sun to the apogee in that time, dif- 
fering above four times as much from amexatt [revolution, as in the 
period of eighteen years, a like agreement was not to be expefted. 
Having, however, entered upon the 10th year of his obfervations 
of the Moon’s tranfit, he compared his late obfervations of 173 0 
and 1731, with thofe he had made in 1721 and 1722, and very 
v - . feldosn 

• riiil. Tranfaflions, Lowtliorp’s abridgement, rol. r. prge 537. 
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feldorp found a difference of more than one fingle minute of motion, 
but mod commonly this difference was wholly infenfible; fo that, 
by the help of what he obierved in 1722, he prefumed that he was 
able to compute the true place of the Moon with certainty within two 
minutes of motion, during the year 1731, and io on for the future. 
He finifhes this paper, by recommending Hadley’s quadrant as a 
proper inftrument for taking the necelfary obfervations at fea. This 
inftrument had been deferibed in the preceding number of the Trans- 
actions of the Royal Society. 

Dr Halley again treats of this fubjeCt in his Aftronomical Tables, 
in which are given two complete examples of finding the longitude, 
from the obferved diftance between the Moon and the liars, , Leonis 
and C Tauri, and concludes with obferving, that by a like method of 
■ computation, may the difference of the meridians be found from obfervations 
of the' Moort’s dijlance from the Sun, in her frfi and laji quarter. 

M. Emanuel Swedenborg takes notice of the above method of 
finding the longitude, in his Deedalus Hyperboreus, printed in Swe- 
difh, at Stockholm, in the year 171b — and other traCls. It is alfo 
briefly explained in a very finall pamphlet, intitled, An introduction 
to a true method for the difeovery of longitude at fea , by Stephen Plank , 
printed at London in 1720. 

The Abbe de la Caille recommends it as the only praftical me- 
thod at fea. He was, however, fenfible, from his own experience, 
of the errors to which it was then liable. In his edition of Bou- 
guer’s Navigation, printed at Paris in 1 78 1, he fays, “ La grande in- 
certitude a laquelle nous avons dit qu’etoit fujette la methode d ’em- 
ployer les obfervations de la Lune faites fur mer, ne do t pas dlcoura- 
ger le marin, ni la lui rendre fufpefle, puifque dans les voyages de 
long cours, ou I’on a efluye beaucoup de vents contraires, & de long 
coups de vents, il arrive fouvenr qu’aux atterrages on fe rrouve en 
erreur de fept ou huit degres fur la longitude eftimee felon les regies 
du pilotage.” In the fame work, he gave a new and eafy method of 
reducing the apparent to the true diftance, by means of leaks con- 
structed exprelsly for that purpoi’e. 

In 1755, Profeflbr Mayer of Gottingen feat a manufeript copy of 
his lunar tables* to the Britiih Admiralty, claiming at the fame 
time feme one of the rewards, protnifed by Parliament, which he might 
be thought to merit. In thefe tables, the arguments are inveftigated. 
on the Newtonian principle of univerl'al gravitation, and the maxima 
of the equations are deduced from his own obiervations, and from 
thofe of Dr Bradley and others. The above tables were delivered 
to Dr Bradley, to be examined i who, having compared them with a 
great number of his own obfervations, was convinced of their ex- 
cellence. He then lent an account of them to Mr Cleveland, fecre- 

tary 

* Mayer’s tables firfl appeared in tlie Memoirs of Gottingen for 1742. 
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tary of the Admiralty, in a letter dated Greenwich, Feb. 10, 17 65, 
from which the following is extracted. 

“ In obedience to their Lord (hips commands, I have examined 
“ the fame, and carefully compared feveral obfervations that have 
“ been made (during the laft five years) at the Royal Obfervatory 
“ at Greenwich, with the places of the Moon computed by the 
“ faid tables. In more than 230 comparifons which I have already 
“ made, I did not find any difference fo great as i'{ between the 
“ obferved longitude of the Moon and that which I computed by 
« the tables ; and although the greateft difference which occurred 
“ is, in faft, but a fmall quantity, yet as it ought to be confidered 
“ as partly arifing from the error of the obfervations, and partly 
“ from the error of the tables, it feems probable, that, during this 
“ interval of time, the tables generally gave the Moon’s place true 
te within one minute of a degree. 

“ A more general comparifon may perhaps difeover larger er- 
*< rors; but thofe which I have hitherto met with being fo fmall, 
“ that even the biggeft could occafion an error of but little more 
“ than half a degree in longitude, it may be hoped that the tables 

of the Moon’s motions are exaft enough for the purpofe of find- 
“ ing at fea the longitude of a fhip, provided that the obfervations 
“ that are nccefTary to be made on ftiipboard can be taken with fuf- 
“ ficient exaftnefs.” 

In another letter to Mr Cleveland, dated Greenwich, April 14, 
1 760, Dr Bradley fhows the utility of thefe tables, from the compari- 
fon of obfervations made at fea by Capt. Campbell, in the years 
1757, 1738, and 1759. By the mean of twelve different days or 
nights obfervations, taken at fea, and reduced to Ufhant, he found 
the longitude of the middle of that ifland to be about 5 0 23' weft of 
Greenwich, and the greateft difference between the mean refult, 
and that of any particular day, amounted in one cafe only to 37 
minutes in deleft, and the greateft difference in excefs wa$ but 23 
minutes. He alfo obferves, that fince his former account of the 
near agreement of Profelfor Mayer’s lunar rabies with the obferva- 
tions that had been made at the Royal Obfervatory, he had compared 
feveral others, which concurred to prove, that the difference be- 
tween the obferved and computed places no where amounted to 
more than one minute and an half*, and he found that the difference, 
fmall as it is, may yet be diminifhed by making alterations in fome 
of the equations, whole true quantity could not be determined 
without proper obfervations. After making the neceffary correc- 
tions, it appeared, by the comparifon of above eleven hundred ob- 
fervations taken fince the new inftruments were fixed up, that the 
difference did no where amount to more than one minute. It may 
therefore be reafonably concluded, that fo far as it depends upon 
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the lunar tables, the true longitude of a (hip at fea may in all cales 
be found within half a degree, and generally much nearer. 

Profelfor Mayer died in the beginning of the year 1 762, and left 
a flill more complete and accurate fer of lunar tables. Thefe were 
loon after tranfmitted to the Hoard of Longitude, by his widow, for 
which (he received 3000 1 . Mr Euler alfo received a reward of 300I. 
in confideration of Mayer having availed himfelf of Euler’s lunar 
theory. Thefe tables, together with a fet of Mayer’s folar tables, 
were printed at London in 1770, under the infpettion ofDrMafke- 
lyne; from which, all the articles in the Nautical Almanac relative 
to the Sun and Moon are computed. An edition of the lunar tables, 
improved by Mr Mafon from Dr Bradley’s feries of lunar obferva- 
tions, publilhed in the Nautical Almanac for 1774, was printed at 
London in 1787, and reprinted at Paris in the Connoi fiance dtt 
Temps for 1790. “ Thefe new tables,” fays Dr Mallcelyne, “ when 
compared with the abovementioned feries of obfervations, feem to 
give always the Moon’s longitude in the heavens, corre&ly within 
30 feconds of a degree.” 

Our prefent allronomer royal, the Rev. Dr Nevil Malkelyne, 
very much deferves the thanks ef every navigator, and of the public 
sit large, for his great indufiry and exertions in bringing this method 
of aicertaining the longitude at fea into common practice. In his 
Britijh Mariners Guide, printed at London in 1763, he very Arong- 
ly recommends it, and gives new precepts for making the neceffary 
obfervations and computations. The rules for computing the effects 
of refrafiion and parallax, which he had formerly communicated to 
the Royal Society, and which were publilhed in the Britifh Mariners 
Guide, were again communicated to that Society with the demon- 
Arations, in 1764, and publilhed in the liv. vol. of the Phil. Tran. 
On the 9th of February 1765, he prefented a memorial to theCom- 
millioners of Longitude, in which he Ihows, that in his voyage to 
St Helena, and return thence, he made frequent obfervations of the 
diAance of the Moon from the Sun and fixed Aars, with Hadley’s 
Quadrant, from which, by the help of Mayer’s printed tables, he 
computed the longitude of the ihip from time to time; and from the 
near agreement of the obfervations, elpecially at making the land, 
when the Ihip’s common reckoning was very erroneous, he inferred 
that the longitude thus determined would never err a whole degree. 
That the fame method which he had explained in his Britifh. Mari- 
ners Guide, had been pradlifed with fuccefs by the commanders and 
mates of feveral of the EaA India Ihips. — He then proceeds to point 
out the method he ufed to adjuA his quadrant, in his voyage to 
Barbadoes, and return to England, which was, by meafuring the 
Sun’s diameter with the index placed alternately to the right and left 
‘•f the beginning of the diviiibns ; by which means, lie found his 
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©bfervations to agree ftill nearer than in his former voyage to St. He- 
lena, having made Barbadoes within half a degree of its true litua- 
tion ; and at his return home, he made the ifle of Wight, by obfer- 
vations taken 24 hours before, within 16 minutes of its true fitua- 
tion. He concludes his memorial in the following words, “ I am 
authorifed by them* to fay, they humbly apprehend that nothing is 
wanting to make this method generally practicable at fea, but a Nau- 
tical Ephemeris — an affiftance which they, with many more, hope 
for from this Board.” 

The gentlemen mentioned in the memorial were examined fepa- 
ratcly, as to the utility and practicability of the abovementioned 
obfervations ; and all agreed in teftifying that they had determined 
the longitude of their ref’peftive fhips from time to time, by oblerv> 
ations of the moon taken in the manner directed in the Britifh Mari- 
ner’s Guide ; and that the longitude refulting always agreed with 
the making of land, to one degree. In conl'equence of which, the 
Board came to the following reiolution : 

“ That it is the opinion of this Board, upon the evidence given 
of the utility of the late Profefior Mayer’s Lunar Tables, that it is 
proper the laid tables (hould be printed ; and that application fhould 
be made to Parliament for power to give a fum not exceeding 5000 1 . 
to the widow of the faid ProfefTor, as a reward for the faid tables, 
part of which have been communicated by her, fince her hu (baud’s 
deceafe; and alfo for power to give a reward to perfons to compile 
a Nautical Ephemeris, and for authority to print the fame when com- 
piled, in order to make the faid lunar tables of general utility.” 

This was immediately put into execution; and accordingly, fince 
the year 1 7 66, a work entitled The Nautical Almanack and Agrono- 
mical Ephemeris has been publilhed annually, by order of the Com- 

miflioners of Longitude, under the infpeftion of Dr Mafkelyne. 

This is perhaps the bed and molt accurate publication of the kind 
that has hitherto appeared. 

At the lame time with the firft Nautical Almanac, a fet of tables 
to facilitate the calculations, was pubUftied by Dr Mafkelyne ; in 
which are given two excellent methods, with their demonftrations, 
for clearing the apparent diftance between the moon and the fun or 
a fixed liar, from the effects of redraft ion and parallax; the firft 
by Mr Lyons, and the other by Mr Dunthorne : alfo two examples 
for afeertaining the longitude from obl'ervation. — About twelve 
years afterwards, this edition being nearly ajl fold off, it became 
neceflary to reprint it; previous to which it was new-modelled by 
Dr Mafkelyne, and the fecond edition appeared in 1781. With 

which 

* The gentlemen mentioned in his memorial — namely, the commanders and mate* 
*f the fl'.ips that had ufed the method he had deferfbed. 
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which, and the Nautical Almanac, every perfon ought to be provided^ 
who wi(hes to afeertain a (hip’s place from celeftial obfervations. 

The publications on the longitude, by obfervations of the Moon, 

now became very numerous; almoft every book on Navigation, 
publi(hed in Britain fince the commencement of the Nautical Alma- 
nac, contained a few rules for that purpole. In Robertfon’s Navi- 
gation, there is a good tradf on this fubjedt. Befides thofe already 
mentioned, fome of the other writers on the lunar obfervations in 
Britain are MelTrs Adams, Bifliop, Dunn, F.merlon, Heath, Mar- 
getts, Moore, Nicholfon, Vince, Waddington, Wilfon, Witchell, &c. 

In 1772, a treatife, entitled Theorie et Pratique d:s Longitudes en 
Mer , was pnblifhed at Paris, by M. de Charnieres, wherein he en- 
deavours to bring the Megameter into common practice. This in- 
ftrument is conftrudted on fimilar principles with the objedt glais 
Micrometer, and is only applicable tomeafure diftances lefs than xo c . 
In page 21. he fays, “ Intimement perfuade, que la vraie folution du 
problcme des longitudes en mer, tenoit a la mefure exadt de la di- 
flance de la lune aux etoiles, je trouvai que l’heliometre pourroit en 
le modifiant, s’appliquer anx obfervations de mer.” He then de- 
feribes the inftrument in a very particular manner, and (hows it9 ufe 
in meafuring the diftance between the Moon and a (far, and how 
the longitude is deduced from that obfervation. 

This method of determining the longitude at fea is mentioned in 
in a treatife, entitled, Abrege du Pilotage, Paris, 17 66 . In the fame 
year, Pere Pezenas publilhed his AJlronomie des A lari ns at Avignon, 
which contains, befides other articles, various methods of finding 
the longitude from obfervations of the Moon. This (ubjedt is alfo 
very well treated in the fixth volume of Bezout’s Cotirs de Mathemi j- 
liques , Paris 1781, and in M. Callet’s edition of Gardiner's Loga- 
rithmic Tables, Paris 1783. 

An excellent tradf was publilhed at Paris in 1787, intitlcd, Dc- 
feription et Ujhge du Cercle de Reflexion, par le Chevalier de Borda, 
in which, that inftrument is very particularly deferibed, its ufe (hown 
in nautical obfervations, and the manner of calculating thefe obfer- 
vations. 

M. de la Lande treats very perfpicuoufly on this fubjedt, both in 
his Expofition du Calcul, and in his AJlronomie. In the former of thefe 
works (p. 168) he fays, “ Sans unemethode pour trouver ces longi- 
tudes, la navigation eft toujours incertaine ; l’eftime a laquelle on a 
recours, peut etre fautive de 4 or 500 lieues aprts quclques mois de 
navigation, & jeter ceux qui naviguent duns les plus grands dan- 
gers.” He then recommends the lunar method of finding the longi- 
tude at fea, and (hews the manner of conftrudting and ufing M. de la 
Caille’s Chaf/Is de Reduction, for clearing the apparent diftance from 
the effedts of refradlion and parallax, and the method of deducing 

the 
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the (hip’s longitude from observation. In his Agronomic* he wtites* 
« Cette m'cthode des diftances a l’avantage de ne dependre elTtmiel- 
lement quc d’nne feule obfervation de diftance: elle ne fuppofe pas 
la hauteur connue avec une extreme precifion : elle depend tres-peu 
de la declinaifon de la lune, et de la hauteur du pole ; elle n’exige 
pas qu’on ait un horizon clair-fin, c’eft-a-dire, bien degage des va- 
peurs ; elle ne fuppofe pas des calculs aulfi longs que ceux de l’af- 
cenfion droite de la lune: elifin, la reduftion de la diftance apparente 
en diftance vraie, a raifon de la rffraftion & de la paiallax, fe peut 
faire avec la regie, & le compas par une operation graphique.” 

From the mutual concurrence of the opinions of lb many eminent 
men, it appears, that the method of finding the longitude at lea, by 
obferving the diftance between the Moon and the Sun or a fixed ftar, 
commonly called the Lunar Obfervationt , is the beft in ufeat prefentj 
and therefore any improvement that may be made therein, either in 
the lunar tables from which the articles in the Nautical Almanac re- 
lative to the Moon arc computed, or in the conllruflion of inftru- 
ments for obferving the diftance, or in the methods of making and 
calculating the nccelfary obfervations, mult certainly be of very 
great advantage to the practical navigator. 


CHAP. n. 

Preparatory Problems. 

Problem I. 

To convert Degrees , or parts of the Equator , into Time. 

Rule. Multiply the given motion by 4, and the produfl will be 
the correfponding time. 

Remark. Minutes multiplied by 4 produce feconds, degrees mul- 
tiplied by 4 produce minutes, which divided by 60 give hours. 

Example. 

Let 26° 45' be reduced to time. 

26° 45' 

4 

ih. 47' o" = time required. 

Problem II. 

To convert Time into Alotion. 

Rule. Multiply the given time by 10, to which add half the 
produff ; the fum will be the correfponding degrees, &c. 

Exam- 

• Prcrr.. edit, tome 11. ait. 3U4, or fee. edit, tome ill. art. 39/7. 
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Example. 

Let 3 h. 4' 28" be converted into motion. 

3 4 28 

10 


30 44 40 
Half = 15 22 20 

Correfponding motion = 46 7 o 

Prob. III. 

Given the time under any known meridian, to find the correfponaing time 
at Greenwich. 

Role. Let the given time be reckoned from the preceding noon^ 
to which the longitude of the place in time is to be applied by addi- 
tion or fubtraftion, according as it is weft or eaft, and the fum or 
difference will be the correfponding time at Greenwich. 

Examples. 

t What is the time at Greenwich, when it is 6 h. 15' at a ftiip in 
longitude 76*45' W. i 
Time at ftiip, — — 6h. 15' 

Longitude in time, — 5 7 W. 

Time at Greenwich, 1 1 22 

II. Required the time at Greenwich, anfwering to 5 h. 4 39" of 
May ift at Canton, whofe longitude is 113° 2' 15" E. ? 

Time at Canton, May ift, — 5 h. 46' 39" 

Longitude in time, — — — 7 32 9 E. 

Time at Greenwich, April 30, 22 ' 14 30 
Prob. IV. 

To reduce the time at Greenwich to that under any given meridian. 

Rule. Reckon the given time from the preceding noon, to which 
add the longitude in time, if eaft, but iubtraft it if weft; and the 
fum or remainder will be the correfponding time under the given me- 
ridian. 

Examples. 

I. What is the expefted time of the beginning of the lunar eclipfe 
of April 18, 1791, at a (hip in longitude 109° 48' E. 
Beginning of eclipfe at Greenwich, p. Naut. Aim. 3 b. 1 S' 3 °” 
Ship’s longitude in time, — — — 7 19 12 

Beginning of the eclipfe at the ftiip, — — 10 34 4 2 
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II. When may the immerfion of the firft fatcllite of Jupiter be obferv- 
ed at Port St. Julian, in long. 68° 44' W. which, by the Nautical 
Almanac, happens at Greenwich 24th March 1792, at 17 b. 53' I'? 
Apparent time of imm. at Greenwich, 17I1. 53' 1' 

Longitude of Port St. Julian in time, 4 34 56 W. 


Apparent time of imm. at Port St. Julian, 13 18 5 

Pros. V. 

7 5 reduce the declination of the Sun, as given in the Nautical Almanac , 
to any other meridian, and to any given time of the day. 

Rule. Take the Sun’s declination from the Ephemeris for the 
noon of the given day, and convert the feconds into tenths of a mi- 
nute, by dividing by 6; then enter table xin. with the declination 
at the top, and take out the equations anfwering to the given longi- 
tude, and time from noon. Thefe will be the change of declina- 
tion, anfwering to a north increafing declination; when the Sun is 
in either of the other quarters of the ecliptic, a corre&ion from one 
of the three following tables accordingly, is to be applied to each of 
the above equations. Now, between the 20th of March and 21ft of 
June, and from the 22d of September to the 21ft of December, or 
while the Sun’s declination is increafing, the equation anfwering to 
the fhip’s longitude is to be added to, or fubtrafted from the decli- 
nation, according as the longitude is eafl or weft ; and the equa- 
tion anfwering to the time from noon, muft be added or fubtracted, 
according as the given time is after or before midday. But from 
the 21ft of June to the 22d of September, and from the 21ft of De- 
cember to the 20th of March, or while the Sun’s declination is de- 
creafmg, the equation anfwering to the longitude is additive or fub- 
traffive, according as the longitude is caft or weft; and that anfwer- 
ing to the time from noon is to be applied to the declination by addi- 
tion or fubtraflion, according as the given time is before or after 
noon*. 

Exam- 


* Thofe acquainted with the firfl principles of Algebra will prefer the following 

rule. 

Let the fign 4- be prefixed to the declination if increafing, to the equation corre- 
fponding to the longitude if weft, and to that anfwering to the time from noon, if 
the given time be in the afternoon ; but if the declination is dccreafing, the longitude 
eait, or the time before noon, prefix tire fign — to thefe quantities, and their fum, 
according to the rules of Algebraic addition, will be the reduced declination. 

l'.XAMrii Required the Sun’s declination April 2, 1791, at 6 h. 33' A. M. in 
ongitude 38° 40' W. 

Sun’s declination at noon, per Naut. Aim. + 5 * I ’> 1 
Equation to longitude 38° 4c' W. -j- 2 ,5 

■ to time from noon, 3b. 23' — j, 2 


Reduced declination, 


4 j8, 4 


Examples. 

I. Required the Sun’s declination at noon, November 2d, 1792, in 

longitude io° 5' E.? 

Sun’s declination at Greenwich, — 15 0 4'. 7 

Equation to declination and longitude, — 5.2 

Reduced declination, — — — 14 59.5 

II. What is the Sun’s declination 24th May 1792, at 10 h. 48* 

Greenwich time ? 

Sun’s declination at noon, — — — 20° 57.0 

Equation to declination and time from noon, 4- 4.8 

Declination at given time, — — — 21 1.8 

HI. Required the Sun’s declination, 13th Align'd 1792, at 5 h. 46* 
A. M. in longitude 143 0 7' W.? 

Sun’s declination at noon — — — 14 0 24'.8 

Equation to declination and longitude, — 7.4 

— — — and time from noon, 4- 4.8 


Reduced declination, — — — — 14 22.2 

IV. What is the Sun’s declination, 19th February 1792, at 2h. 15* 
P. M. in longitude 164° 56' E.? 

Sun’s declination at noon, per Naut. Aim. — ■ it” i5'.6 

Equation to decl. and longitude 164° 56' E. — 4- 9.8 

— — — and time from noon 2 h. 15' P. M. — 2.0 

Reduced declination, — — — 1 1 23.4 

Prob. VI. 

To reduct the Sun's Right Afcenfion , as given in the Nautical Almanac , 
to any given time oj the clay, under a known meridian. 

Rule. Enter table xvm. with the Sun’s right afcenfion at the top, 
and take out the equations anfwering to the (hip’s longitude, anil 
the interval between the given time and noon. Then if the longitude 
be weft, or the given time, between noon and midnight, add the corre- 
fponding equations to the Sun’s right afcenfion; otherwife fubtraft 
them; and the fum or remainder will be the reduced right afcenfion. 
Examples. 

I. Required the Sun’s right afcenfion at noon, 21ft April 1792, in 
longitude 7 6° 45' W. 

Sun’s right afcenfion at noon, p. Naut. Aim. — ih. 59' 23" 
Equation to right afcenfion and longitude, 7 6° 45' W. 4- 48 

Reduced right afcenfion, — — — 2 o 1 r 

l 2 ir. 


I 


( 7* V 

II. What is the Sun’s right afcenfion at Greenwich, October 1 7th, 

1 792, at 8 h. 40' P. M. 

Sun’s right afcenfion at noon, per Najit- Aim. 13I1. 31' 55" 
Equation to right afcenfion and time from noon, + ’ 1 21 

Reduced right afcenfion, — — — 13 33 16 

III. What is the Sun’s right afcenfion, June 5, 1 792, at 1 h. 48' 

A. M. in longitude 63° 10' E.? 

Sun’s right afcenfion at noon, per Naut. Aim. 4h. 56' 32" 

Equation to right afeen. and long. 63° 10' E. — 43 

— — — and time from noon 1 oh. 12'— 1 45 


Reduced right afcenfion, — — — 4 54 4 

Problem VII. 


To reduce the Declination of the Moon, as given in the Nautical Almanac , 

under a known meridian. 

Moon’s declination in twelve 


to any given time, 
Rule. Find the variation of the 


and take out the 


with^which enter table xix. at the top, 

anfwering to the (hip’s longitude, and to the time 

Then if the Moon’s de- 


hours, 
equations 

from the preceding noon or midnight. 
cTination is increafing, the equation correfponding to the time is 
additive; and that anfwering to the longitude is to be added, if the 
- longitude is weft — but fubtrafkd, if eaft. If the declination is de« 
creafing, the contrary rule is to be applied. 


Examples. 

I. Required the Moon’s declination, Sept. 22, 1792, at 5I1. 13' 
apparent time under the meridian of Greenwich? 

Moon’s declination 22d Sept, at noon, — — 17 0 31 S, 

Equation to variation 29', and time from noon 5 h. r 3' -f- 13 


Reduced declination, — — — 17 44 S. 

II. What is the Moon’s declination, 30th December 1792, at 14I1. 
9' appartnt time, in longitude 65° 14' W.? 

Moon’s declination 30th December, at midnight, 15 0 1' N. 
Equation to variation i° 13' and longitude 65° 14'W. — 27 
— — — and time from midnight 2 h. 9' — 13 


Reduced declination — — — — 14 21 N. 

Problem VIII. 

To reduce the Horizontal Parallax and Semidiameter of the Moon, as 
given in the JSauttcal Almanac , to any given time , under a known 
meridian. 

Rule. 
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Rule. Reduce the given time to the meridian of Greenwich by 
Prob. in. and find the variation of parallax in twelve hours, the pro- 
duct of which, by the interval between the reduced time and the 
preceding noon or midnight, being divided by 1 2 hours, will be the 
proportional part ; which being added to or fiibtradfed from the 
Moon’s horizontal parallax at the preceding noon or midnight, ac- 
cording as it is inereafing or decreafing, will give the required par- 
allax. In like manner the Moon’s femidiameter may be found.* 

Example. 


Required the Moon’s horizontal parallax and femidiameter, Dec. 7, 
1792, at nh. 15' in longitude 38° 40' E.? 

Given time, — — — — — n° 15' 

Longitude in time — — — — 235E. 


Reduced time, — — — — — 8 

Moon’s horizontal 7 Moon ’ s femidiameter 15' 

parallax at noon J J 

Prop., 8M0JCM* 16 P. part— — — °' X -— + 

part S nh. v *' ,K - 


iah. 


40 

11" 

4 


Reduced parallax, 56 o Reduced femidiam. 15' 15" % 
Problem IX. 

Given the obferved altitude of a Fixed Star, to find the true altitude. 
Role. To the obierved altitude of the ftar, apply the index error, 
if any, and the dip of the horizon; from which, fubtraff the refrac- 
tion anfwering thereto, from table v, and the remainder will be the 
true altitude of the ftar. 

Examples. 

I. The obferved altitude of Arfturus is 38° 40', and the height of 
' the obferver’s eye 1 8 feet above the lurface of the water. Re- 
quired the true altitude ? 

Obferved altitude of Ardlurus, 38® 4o'.o 
Dip, table in. — — — 4.1 


Apparent altitude, — — 38 33.9 

Correction, table v. — — 1.3 


True altitude of Ardturus, — 38 34.7 

II. Let the obferved altitude of Antares be 49® 52', the error of the 
inftrument 5’. 3 fubrraftive, and height of the eye 14 feet. Re- 
• quired its true altitude? 

* Three elevenths, or one fourth nearly, of the proportional part of parallax, will 
he that of femidiameter. 
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Obferved altitude of Antares 49 S 2 
Index error — — 5.3 

Dip — - - 3.6 

Apparent altitude, — 49 43.1 =49° 43 ' 6 n 

RefraCtion, table vi. — —48 


True altitude of Antares, — — 49 42 1 8 

Problem X. 

Given the obferved altitude of the Inver or upper limb of the Sun, to find 
the true altitude of its center. 

Rule. Correct the obferved altitude of the Sun’s limb by the in- 
dex error, if any, the dip of the horizon, and femidiameter; hence 
the apparent altitude of the Sun’s center will be obtained; from 
which, the correction* in table iv. anfwering thereto, is to be fub- 
trafled, and the remainder will be the true altitude of the Sun’s center. 
• Examples. 

I. The obferved altitude of the Sun’s lower limb is 1 8° 41', height 
of the eye" above the furface of the fea 22 feet, and Sun’s femidU 
ameter 16'. 1. Required the true central altitude? 


• Obferved altitude of Sun’s lower limb 1 8° 41.0 
Sun’s femidiameter, — — 4- 16.1 

Dip — — — — - 4-5 


Apparent altitude Sun’s center, — 18 52.6 

Correction — — — — 2 .6 


True altitude of Sun’s center, 18 50.0 


II. The obferved altitude of the Sun’s upper limb is 28° 311', index 
error 40", height of the eye 1 2 feet, and Sun’s femidiameter 1 5' 
54". Required the true altitude? 


Obferved altitude of Sun’s upper limb 

28° 

3 1 ' 3 °' 

Index error, — — — 

+ 

40 

Sun’s femidiameter, — — 

— 

15 54 

Dip of the horizon 3,3, or — 

— 

3 18 

Apparent altitude of the Sun’s center, 

28 

12 58 

RefraCtion, table vi. — — 

— 

1 46 

Parallax, table vn . — — 

+ 

8 

True altitude of the Sun’s center, 

28 

11 20 


Pro* 


’ In fome cates. it will be proper to apply the refraction and parallax from tables 
ri. and vii. refpeftively, in place of the above correction. 
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Problem XI. 

Given the obferved altitude of the lower or upper limb of the Moon , to 
fnd the correct central altitude. 

Rule. Agreeable to the reduced time of obfervation, find the 
Moon’s horizontal parallax and femidiameter, by means of the Nau- 
tical Almanac, and increafe the femidiameter by the augmentation 
from table xxx, anfwering to the femidiameter and obferved altitudes 
To the obferved altitude of the Moon’s limb, apply the index er- 
ror, the augmented femidiameter and dip as formerly; the aggre- 
gate will be the apparent altitude of the Moon’s center; to which 
the correction from table ix. anfwering to the Moon’s horizontal 
parallax and apparent altitude being added, the furn will be the cor- 
redt altitude of the Moon’s center. 

Examples. 

I. Let the obferved altitude of the Moon’s lower limb be 3 1 0 1 8', 
horizontal parallax 58° 37', femidiameter 15. 0 58', and height of 
the eye 16 feet. Required the true altitude of the Moon’s center? 
Moon’s femidiam. 15' 58" Obferved alt. Moon’s low. limb 3 1 0 1 8'.o 
Augment, tab. xxx. + 8 Dip — — . — — 3.8 

Augm. femidiam. 166 — — — — 4- 16. 1 


Apparent alt. of Moon’s center 31 30.3 

Cor. toalt.3i°3c'andh.par7 _ , 

58' 37" p. tab. ix. =48' 26" J — 


True alt. of Moon’s center, 32 18.7 

II. The obferved altitude of the Moon’s upper limb is 41 0 25’, ho- 
rizontal parallax 55' 40", femidiameter 15' 10", and height of the 
eye 15 feet. Required the true altitude of the Moon’s center? 
Moon’s femidiam. 15' 10" Obferved alt. Moon’s up. limb 41 0 25' o’’ 
Augment, tab. xxx. + 10 Dip of the horizon = 3', 7 — 342 

Augm. femidiam. 15 20 — — — 15 20 


Apparent alt. of Moon’s center 41 5 58 

Cor. to alt. 4 1 ° 6 ' and h. par 7 

55' 40" p. tab. ix. J= + 4 0 * 1 


True alt. of Moon’s center, 41 4649 
Altitudes, tiled for the computation of the apparent time or the 
latitude, ought to be expreffed in degrees, 'minutes, and tenths of a 
atinute ; but in fome of the methods for correcting the apparent di- 
ll ance 
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fiance between the Moon and the Sun or a fixed fiar, it is neceffa- 
ry, that the true altitudes of the objects be exprefTed in degrees, 
minutes, and feconds. In the firft example to each of the three 
laft problems, the correCt altitude is, therefore, found in degrees, 
minutes, and tenths; and in the fecond, it is exprtfled in degrees, 
minutes, and feconds. 

The correction of a liar in altitude is the refraCtion anfwering to 
that altitude, and the correction of the altitude of the Sun or Moon, 
is the difference between the refraCtion and parallax anfwering to 
the given altitude. As the refraCtion in altitude is greater than the 
Sun’s parallax at the fame altitude, this correction is therefore fub- 
traCtivc; but the Moon’s parallax ift altitude being ever greater than 
the refraftion anfwering to the fame altitude, the Moon’s correction 
is therefore to be added. This laft correction may be found, inde- 
pendent of tabic ix, by fubtraCting the refraCtion from the Moon’s 
parallax in altitude, computed by the rule given in page 62. 

It has already been obferved, that in order to reduce the Moon’s 
horizontal parallax, as given in the Nautical Almanac, to a given 
place; it mult be diminilhed by an equation from table xxxu, de- 
pending on the latitude. The horizontal parallax in the ConnoifT- 
ance des Temps is adapted to the latitude of Paris; in order, there- 
fore, to adapt it to a place whofe latitude is lefs than that of Paris, 
it mull be increafed by the difference of the equations anfwering to 
thofe latitudes, and diminifned by the above difference, when the la- 
titude of the place exceeds that of Paris. Moreover the altitude 
ufed for computing the parallax in altitude muft be increafed or di- 
minifhed by a certain quantity, from table xxvi. 

Hence, in order to compute the altitude of the Moon’s center 
above the true horizon, the obferved altitude fhould be corrected by 
the error of the quadrant and the dip of the horizon, from which 
the corrected refraCtion, anfwering thereto, is to be fubtraCted. 
This laft quantity being increafed by the parallax in altitude, (com- 
puted with the reduced horizontal parallax and altitude) will be 
the true altitude of the Moon’s limb, to which the Moon’s true 
femidiameter being applied, will give the true altitude of the Moon’s 
center. 
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CHAP. m. 


Of the methods of afcertaining Time, and regulating a Chronometer 
or Watch at Sea, or Land. 

T IME, as inferred from obfervations of the Sun, is denominated 
Apparent and Mean Solar Time. 

Apparent Time is that which is deduced immediately from alti- 
tudes, or other obfervations of the Sun, and Mean Time arifes from, 
a fuppofed uniform motion of the Sun. Hence, a mean folar day is 
always of the fame determinate length of abfolute time, but the 
length of an apparent day is ever variable, being longer at one time, 
and (hotter at another, than a mean day; the inftant of apparent 
noon will, therefore, fometimes precede, and fomctimes follow 
that of mean noon. The interval between apparent and mean time 
is called the Equation of Time. 

The equation of time refults from the inclination of the ecliptic 
and equator, combined with the unequal motion of the Earth in its 
orbit. Tables have been conftrufted, to exhibit the parts of the 
equation of time ariftngfrom thefe caufes; which parts being taken 
out with their proper arguments, and connected according to their 
refpeftive figns, will give the compound equation of time; but in 
order to fave the trouble of this computation, a table of the abfolute 
equation of time is given in the Nautical Almanac, page ir. of the 
month, for the inftant of apparent noon by the meridian of Green- 
wich. 

As the principle upon which a watch or time keeper is conftruCt- 
ed, is that of an equable or uniform motion; it is therefore evident, 
that when a feries of fucceffive and repeated obfervations are to be 
made, the watch ought to be regulated according to mean folar 
time, or its rate eftablifhed on that time. But as it is apparent time 
that is immediately deduced from obfervations of the Sun, the equa- 
tion of time becomes, therefore, an eflential article, and jnuft be 
applied thereto, in order to reduce it to mean folar time. Indeed, 
when a watch is ufed for no other purpofe than that of connecting a 
few obfervations, taken within fhort intervals of time of each other, 
the redudfion of apparent to mean time is not neceflary.- 

Problem I. 

To find the Equation of equal Altitudes. 

Rule. 

Enter table xxm. with the interval of time betwee . the obferva- 
tions at the top, and the latitude of the place of obfervation in the 
fide column, and take out the correfpondent number; take out the 

M number 
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number from table xxiv. anfwering to the interval of time and the 
Sun’s declination j fubtraft it from the former, if the latitude and de- 
clination are of the fame name, other-wife, add them, and find the log. 
correfponding to the remainder or fum, which fubtrafted from the 
P. Log. of the daily variation of the Sun’s declination, increafed by 
5, the remainder* will the P. Log. of the equation of equal alti- 
tudes. 

Example. 

Let the latitude of the place of obfervation be 57 0 9' N. the inter- 
val of time between the obfervations 5 h. 17 m. Sun’s declina- 
tion 1 7 0 48' S. and change of declination 16' 19I". Required 
the equation of correfponding altitudes? 

No. from tab. xxm. to interval and lat. = 1 782 
No. from tab. xxiv. to inter, and decl. = 284 

Stun 2066 log. 3.3 

Daily variation of declination, 16' 19. "5 P.log. + 5 =6.0424 

Equation of equal altitudes, 2o."2 P. log. 2.7273 

v Problem IT. 

To find the Error of a Watch ly equal Altitudes of the Sun. 
Rule. 

In the morning, when the Sun is more than two hours diflant 
from the meridian in thefe latitudes, let a fet of obfervations be 
taken, confifting, for the fake of greater accuracy, of at leaft three 
altitudes — which, together with the correfponding times per watch, 
are to be wrote down regularly, the time of each obfervation being 
previoufly increafed by 1 2 hours. In the afternoon, obferve the in- 
fants when the Sun comes to the fame altitudes, and write down 
each oppofite to its refpeftive altitude. Now half the fum of any 
two times, anfwering to the fame altitude, will be the time of noon 
per watch uncorredl; find the mean of all die times of noon, thus 
deduced from each correfponding pair of obfervations, to which the 
equation of equal altitudes is to be applied, by addition or fubtrac- 
tion, according as the Sun is receding from, or approaching to, the 
elevated pole; the fum or difference will be the time per watch of 
apparent noon, or the inftant when the Sun’s center was on the 

meri- 

• Or, from this remainder fubtraft the ronfhnt log. 14782, and the remainder will 
he the P. Log. of a crrtain number of minotes and fecouds ; which, being cflermed 
ftconds and thirds, will he the equation of equal altitudes. The thirds may be reduc- 
ed to a decimal by diriding by 6a. 
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meridian — the difference between which and noon is the error of the 
watch for apparent time, and the watch will be fall or flow, accord- 
ing as the time of noon thereby is more or lefs than twelve hours. 

If the watch be regulated to mean folar time, it is obvious, the 
time of noon found as above fhould agree with that found, by ap- 
plying the equation of time to noon, according to its fign in the Nau- 
tical Almanac. If thefe times do not agree, rheir difference will be 
the error of the watch or mean folar time. Inflead of applying the 
equation of time to twelve hours, it perhaps will be found more 
convenient, to apply it with a contrary fign to the time per watch, 
of apparent noon; and the difference between this time and 12 hours 
will be the error of the watch as formerly. 

Examples. 

January 29, 1786, in latitude 57 0 9' N. the following equal alti- 
tudes of the Sun were obferved. Required the error of the watch? 


Altitude = 8° 5' Time 2i h. 35' 8" A. M. 

2 55 

43 P. M. 

8 10 

36 8 

54 42 


8 20 

38 9 

52 

41.2 

8 25 

21 h. 35' 8" 21 

39 I2 $ 

S 1 

38 

39 ' 


36 8 21 h. 38' 9" 2ih. 

1 2".5 

2 5 S 43 2 

54 12 2 

52 41-2 2 

5 1 

38 

Sum 24 30 51 24 

30 50 24 

30 50.2 24 

3 ° 

5°-5 

Mean 12 15 25.5 12 

15 25 12 

15 25.1 12 

15 

25.2 





25.1 





25.0 





25-5 

Sum 



- 


.8 

Time of noon per watch uncorrefted, 

12 

15 

25.2 

Equation of equal altitudes, — 

— — 


20.2 

Time per watch of apparent noon 

12 

•5 

5 -o 

Watch fall for apparent time, 



15 

• 5 

Time per watch of apparent noon, - 

12 

15 

5 -° 

Equation of time. 


— 

*3 

29.8 

Time per watch of mean 

noon, — 

12 

1 

35-2 

Watch fall for mean 

time, — 

— 

I 

35-2 


In obferving equal altitudes, it will be found convenient to put 
the index of the quadrant to a certain divifion, and to wait till either 

M 2 limb 
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limb of the Sun attains that altitude. If the fucceflive altitudes of 
the fame fet are equidiftant from each other,, the mean of the morn- 
ing obfervations may be compared with the mean of thofe obferved 
in the afternoon, in order to find the time of noon. 


April aoth 1 786, in latitude 57 0 9' N. the following obfervations 
were made, in order to afcertain the error of the clock. 


Alt. = 

35 ° 

40' Time p. 

clock 21 h. 20' 

27 "-S 

2h. 37' 

2 9"5 


35 

45 — 

— 21 

l6.0 

3 6 

41.0 


35 

50 — 

— 22 

4-5 

35 

52-5 


35 

55 — 

— 22 

5 3 -° 

35 

4.0 


3 6 

0 — 

— 23 

41.3 

34 

15.6 




10 

22.3 

29 

22.6 

Mean 


— — 

21 22 

4.46 

? 35 

52.52 




2 35 

52.52 




, 23 S 7 S 6 - 9 * 

Time p. clock of noon uncorr. 1 1 58 58.49 

Equation of equal altitudes, — 19.53 

Time p. clock of app. noon, 11 58 38.96 it 58 38.96 

Clock flow for apparent noon, 1 2 1 .04 eq. time -f- 1 16.20 

Time p. clock of mean noon, — — 11 59 55.1 

Clock flow for mean time — — 4.84 

Hence, the obfervations of the two preceding examples being 
fuppofed to be made at the times fpecified, by the fame watch or 
clock, its daily rate may be eftabliftied, upon the fuppofitioa of an 
uniform motion, as follows: 

January 29th Clock faff at noon = 1' 3 5". 3 

April 20th Clock flow at noon = 4.8 

Interval 81 days. Difference 1 40,1 

Now i'4o".i, div. by 8 1, gives i''. 236 for the daily rate of the clock. 

In obfervations made at land, with a good inftrument, in favour- 
able weather, the time may be eafily afcertained within the fifth part 
of a fecond, by obferving the pofition of the Sun’s limb with refpedt 
to the wire in the focus of tckfcope, at the inftants immediately 
preceding and following the tranfit of the limb; and though the. 

time 
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time of each obfervation at fex be only afcertained withia a few 
feconds, yet the error may be fo far dimini Ihed, by taking the mean 
of repeated fets, as to be rendered almoft infenfible. 

Obfervations for this purpofe ftiould not be taken, when the Sun 
is within lefs than two hours of the meridian, unlefs in cafe of abfo- 
lnte neceflity, becaufe the motion of the Sun in altitude, at places 
diftant from the equator, would then be too flow; neither Ihould the 
altitude be under 4 or 5 0 ; otherwife, the refraction may be conflder- 
abiy altered between the times of the morning and afternoon obfer- 
vations, and thereby fenfibly affeift thofe times. If the rate of the 
watch is not uniform during the interval between thefe obfervations, 
an error in the time of noon may thence arife, which it is more 
than probable will augment with the obferved interval. Moreover, 
if the rate of the watch differs confiderably from mean folar time, 
the interval between the means of the morning and afternoon fets of 
obfervations fhould be reduced to that time, with which the equa- 
tion of equal altitudes is to be taken from the tables. 

It very often happens, in places diftant from the equator, that 
in the afternoon, by the interpofltion of clouds, a correfpondent let 
to that obierved in the forenoon cannot be obtained; it is therefore 
proper to take feveral fets in the morning, and tho’ the afternoon be 
a little cloudy, yet a correfpondent fet to fome of thofe obierved in 
the morning will perhaps be obtained. 

We have hitherto fuppofed the obfervations to have been made in 
the fame civil day; the interval may however be confiderably extend- 
ed, provided the rate of the watch is regular. Thus equal altitudes 
may be obferved in the afternoon, and in the following morning, 
and the mean of the times will be the time of the intermediate mid- 
night, or inftaot per watch uncorrected, when the oppolite meridian 
was directed to the Sun, to which the equation of equal altitudes is 
to be applied with a contrary fign. In cafe of abfolute neceflity, 
the time between the obfervations may be ftill farther extended, by 
taking equal altitudes in the forenoon, and in the afternoon of the 
following day; in this cafe the error of the watch will be found at 
the intermediate midnight, the equation of equal altitudes being ap- 
plied as ufual. # 

As the method of afeertaining time by equal altitudes depends 
neither on the accuracy of the latitude of the place of obfervation, 
nor on that of the declination, fince thefe elements are only neceflary 
in taking out the equation of equal altitudes, and as any probable 
error therein will not fenfibly affeft that equation; neither does it 
depend on the exaift quantity of the altitude, provided only it is the 
fame at both obfervations — it is therefore univerfally ufed by the 

prac- . 

• Thefe methods have been fueccfsfulljr pnflifcit by the Authar, 
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practical aftronomer, efpecially when not provided with a tranfit 
inftrument, or before a meridian mark is placed for that inftrument. 

Problem III. 

¥ ■> find the Error of the IVa ch by equal Altitudes of the Sun , the Ship 
being under way . 

Rule. 

Let feveral fets of equal altitudes be obferved in the morning and 
afternoon, and from thence find the corrected time of noon, as for- 
merly; alfo let the Sun’s azimuth be obferved, to which the varia- 
tion of the compafs being applied, the true azimuth at the time of 
obfervation will be obtained .f 

Now to the conftant log. 9.2219 add the proportional log. of 
the interval of time between the equal altitudes, the hours and mi- 
nutes being confidered as minutes and feconds, the prop. log. of the 
hourly rate of failing, the log. co-fineof the (hip’s latitude, the log. 
fecant of the courle, and the log. tangent of the Sun’s azimuth;, 
the fum, rejecting tens in the index, will be the prop. log. of the 
correction anfwering to the change of latitude; and to the fum of 
firft four logs, add the log. co-fccant of the courle — the fum, re- 
jecting tens in the index, will be the prop. log. of the change of lon- 
gitude. The firft correction is to be added to, or lubt rafted from, 
the time of noon formerly found, according as the (hip’s latitude is 
increafing or diminifhing, and the lecond correction is additive or 
fubtraCtive, according as the (hip’s courfe has been in the eaftern or 
weftern hemifphere. The refult thus deduced will be the time per 
watch of apparent noon, under the meridian of the firft place of 
obfervation. 

If the two laft corrections be applied with a contrary fign, the 
time of apparent noon, under the meridian of the lecond place of ob- 
fervation, will be obtained. 

The firft correction vanilhes, if the courfe made good between 
the obfervations is either due eaft or weft; and the lecond, if the (hip 
lails on a meridian. 

Example. 

Auguft 6th 1792, equal altitudes of the Sun’s lower limb were 
obferved, whereof the means were 9I1. 14' 52" A. M. and 2h. 48' 
i8"P. M. refpeCtively, the corrected azimuth of the Sun from the 

louth 

Or if the Sun’s magnetic azimuth he taken at the times when the morning and 
afternoon fits were obferved, then half the fum of the eaftern and weftern azimuths, 
reckoned from the meridian, will be the Sun’s true azimuth nearly. Or, if the obfer- 
vation ot the azimuth had been neglected, it may be computed from the known lati- 
tude of the (hip, the Sun’s altitude and declination. 
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fouth was 691°. the (hip’s courfe during the elapfed rimeS. W. by 
\V. at the rate of 8.6 knots per hour, and the (hip’s latitude and lon- 
gitude at noon were 39 0 18'N. and 31 0 24' W. refpeftively. Re- 
quired the error of the watch for apparent noon, under the meri- 
dian of the place where the firft obfervation was made? 

Conftant logarithm 9.2219 

Int.time=5h. 33' or 5' 33"P. Log.= 1.51 10 
Hourly rate of failing 8h. 6' or”) _ Q 
8' 36" P. Log. — — 5 ~ '-l 20 * 

Latitude 39 0 18' cofine 9.8886 

1.9423 1.9423 

Courfe 3 points, — fecant 0.0801 — co-fecant, 0.2553 

Azimuth 69° 45' tangent — 0.4331 fee. cor. 1'9'T.L. 2.1976 

Firft correction o' 38" P. Log. 2.4555 
Mean of morning fet — — — 

afternoon fet — — — 


UncorreCted time of noon — 

Equation of equal altitudes 
Equation of latitude — 

Equation of longitude 

Time p. watch of apparent noon, under meridian of? 

firft place of obfervation — — — ij 11 59 55 

Watch flow for apparent time * — — 5 

Equation of time — — — 5 23 

Watch flow for mean time, — — 5 28 

This problem may otherwife be performed, by eftimating how 
many minutes the Sun is higher or lower, in confequence of the 
change of latitude in the elapfed time, at the inftant it will attain 
the correfponding altitud»in the afternoon, and fetting the index of 
the quadrant accordingly. This quantity may be found with fufR- 
cient accuracy f rom a traverfe table. 

Or, with the latitude of the (hip at the time of the firft obferva- 
tion, the declination and correct altitude of the Sun’s center, com- 
pute its diftance from the meridian by prob. vn. which being add- 
ed to the mean of the firft fet, will give the rime per watch of appa- 
rent noon. Ia. like manner, with the (hip's latitude at the fecond 

obler- 


9 h. 

2 

> 4 ' 

43 

52" 

18 

12 

3 

10 

12 

1 

3 s 

+ 


7 

— 


38 

— 

1 
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obfervation, the Sun’s declination anc? altitude, compute the meridi- 
an diftance of the Sun; which fubtrafted from the mean of the af- 
ternoon let, the remainder will be the time by the watch of apparent 
noon, under the meridian of the place where that obfervation was 
made. Now half the difference of longitude made good between 
thefe obfervations, being applied as formerly to the mean of the 
computed noons, will give the time per watch of apparent noon, 
under the meridian of the firft place of obfervation, and hence the 
error of the watch for that meridian will be known. If the inter- 
val between the computed times of noon is not the fame as the dif- 
ference of longitude expreffed in time, there is an error, either in 
the difference of longitude, in the rate of the watch during the ob- 
ferved interval, or in the afhial obfervation or computation. In this 
method it is not neceffary, that the altitudes obferved be correfpondent. 

Problem IV. 

To find the Error of a JVatc/o, by equal Altitudes of a Fixed Star. 

Rule. 

Let feveral altitudes, and the correfponding times per watch, of a 
known liar, be obferved when in the eaftern hemifphere, and when 
the liar is in the weflern hemifphere, obferve the inflants when it 
comes to each of the former altitudes. 

Take the mean of each correfponding pair of times, and the 
mean of thefe will be the apparent time per watch of the liar’s 
tranfit over the meridian. 

From the apparent right afeenfion of the liar, fubtraft the Sun’s 
right afeenfion, and the remainder will be the approximate time of 
the liar’s tranfit; from which fubtraft the equation correfponding 
thereto, and the Sun’s right afeenfion, from table xvin. and from 
the fame table, take the equation anfwering to the lhip’s longitude, 
which mult be added, if the longitude is call, but fubtrafted, if weft. 
Hence the apparent time of the paffage of the liar over the meridian 
will be obtained. 

Now the difference between the obferved and computed times 
of the liar’s tranfit, will be the error of the watch for apparent 
time, and which is fall or flow, according -as the time by obferva- 
tion is later or earlier than the computed time of the liar’s tranfit. 

Example. 

July 23d 1792, in latitude 35 0 48' S. and longitude 23 0 26' E. 
the following equal altitudes of Altair were obferved. Required 
the error of the watch for apparent time i 

Time 
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Time 

per 

watch. 

Altitude, 

Time 

per watch, 
• 35 ' 57 ' 

8 h. 

17' 

0" — 

27 0 23' 

— 14I1 


19 

l 6 

27 40 

— 

33 42 


20 

12 — 

27 55 

— 

32 44 


21 

54 — 

28 12 

— 

31 S 

8 

23 

l 6 

28 30 

— 

29 41 

25 

55 — 

28 52 

— 14 

27 1 

Sum 
Mean 8 

7 

21 

33 

« 5-5 — 

- - 

— 14 

IO IO 

3 1 41-6 





8 

21 x 5 . 5 


22 5 2 S 7 - 1 

Obfen’ed time of tranfir, — 1 1 26 28.6 

Altair’s right afcenllon, — — 19 40 40 

Sim’s right afcenfion at noon, p. N. Aim. 8 1341 

Approximate time of Altair’s tranfit, 1 1 26 59 

Equation to 8h. 14' and 1 1 h. 27' tab. xviii. — 1 53 

Equation to 8I1. 14' and 23 0 26' tab. xviii. 4- 16 


Apparent time of Aar's tranfif, — 11 25 12 

Apparent time of tranfit per watch, — 1 i 26 29 

. - ■ ■ 

Watch fafi, — — — — 1 17 

Problem V. 

To find the Error of a Watch, by equal Altitudes of a Fixed Star , 
the Ship being under way. 

Rule. 

Let the time per watch of the Aar’s tranfit be inferred from the 
equal altitudes as ufual, and let it be reduced to the meridian of ei- 
ther place of obfervation, by applying thereto the equations arifing 
from the fhip’s run, as directed in prob. m. 

Then compute the apparent time of the tranfit of the obferved Aar, 
as in lafi problem, the difference between which, and the time per 
watch inferred from equal altitudes, will be the error of the watch 
for apparent time. 

Example. 

November 26, 1792, the time per watch of the tranfit of Bella- 
trix, as inferred from the mean of feveral equal altitudes, was 1 2 h. 
(J 2’ 18", and the corrcfted azimuth of its center 59 0 40', from the. 
iouth; the difiance run in the elapfed time was 31 miles E. N. E. 

N and' 
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and the latitude and longitude of the fhip at the time of the flat’s tran- 
fitwere4i° 33' N. and 5 x° 18' W. refpe&ively. Required the 
error of the watch for apparent time, under the meridian of the 
wefternmoft place of obfervation ? 

Conftant logarithm 1.4771* 

Dirt, run 34' P. L. = 0.7238 
Lat. 41 0 33' cof. =9.8741 

2.0750 — — — 2.0750 

Courfe 6 points, fee. = 0.4 1 7 1 — co-fecant — 0-0344 

Azimuth 59°4o' tan. =0.2327 Second corr. i'24"P. L. 2.1094 

Firft cor. 20" P. L. = 2.7248 
Time of tranfit of Bellatrix per equal altitudes 
Firft correftion, — — — 

Second correction, — 

Time of tranfit reduced to the firft place of obfervation, 12 54 2 

Right afeenfion of Bellatrix, — — 5 14 2 

Sun’s right afeenfion, — — — 16 12 16 

Approximate time of tranfit — — — 13 1 46 

Equation to i6h. 12' and YJh. 2' p. tab. xviii. — 2 20 

Equation to i6h. 12' and 51 0 18'$ tab. xvm. — 36 

Apparent time of tranfit, 

Time per watch of tranfit, 

Watch flow — — — — 4 48 

In obferving equal altitudes of a fixed ftar, it will be proper to 
ufe one whofe declinatipn is a little greater than the latitude of the 
Ihip, and of the fame name. Hence, in places diftant from the 
equator, the motion of the ftar in altitude will be a maximum, 
when near the meridian; and its altitude when in this pofition may 
be found by the following formula : Sine alt. = fine lat. cofecant de- 
clination, to radius unity. In places conliderably diftant from the 

equa- 

* When the courfe and diflance made good between the obfervations, are given 
in place of the obferved interval, and hourly rate of failing, as in the above example, 
the conftant log. 1. 4771 (= 9.1219 P. L. of one min.) is to be ufed inftcad of 
the former. 

§ In ftiiclncfs, the argument of this equation (hould be the longitude of that meii- 
dian, to which the error of the watch is to be found. 


»2 58 50 

12 54 2 


— I2h. 52' 18* 
— + 20 
— + I 24 


Digitized by Google 


( 9i ) 

equator, the interval between the obfervations will be much con- 
tracted, and therefore any probable irregularity in the rate of the 
watch will be diminifhed. In thefe latitudes, the refraCtion near 
the horizon is very variable ; but as the altitude of a flar, when in a 
proper polltion for obfervation, increafes with the latitude, therefore 
in this cafe no material error can arife from the change of refrac- 
tion between the obfervations. 

Problem VI. 

Given the Latitude of a place , the Altitude and Declination of the Sun , to 

find the Apparent Time of Obfervation , and the Error of the Watch. 

Rule. 

CorreCI the obferved altitude of the Sun’s limb, apd reduce the 
declination to the time and place of obfervation, which fubtrafted 
from or added to 90°, according as the declination and latitude are 
of the fame or of contrary names, the remainder or fum will be the 
Sun’s polar di/lance. 

Now add together the Sun’s corrected altitude and polar diltance, 
and the latitude of the place of obfervation, and call the difference 
between half the fum of thefe and the altitude, the remainder. 

Then to the log. co-fecant of the polar diltance, add the log. fe- 
cant of the latitude, the log. co-ftne of the half fum, and the log. 
fine of the remainder; half the fum of thefe will be the log. lino 
of an arch — which, being multiplied by 8, will be the Sun’s dilt- 
ance from the meridian in apparent time. Hence the apparent time 
of obfervation and the error of the watch will be known. 

Remark. — In prafticc, it will be neceffary to take feveral alti- 
tudes and the correfponding times per watch, within one or two 
minutes of time of each other; and in making the computations, it 
will be found very convenient, and at the fame time fufficienrly ac- 
curate, to cllimate the altitude, declination, and latitude in degrees, 
minutes, and tenths of a minute, inftead of degrees, minutes, and 
feconds. Moreover, in this and the following computations, 10 is 
always rejected from the index of the log. fecant or tangent, when 
it exceeds that quantity. 


Examples. 

March 3, 1792, in latitude 45 0 37' N. and longitude 51 0 19' W. 
the following altitudes of the Sun’s lower limb were obferved, the 
height of the eye being 16 feet above the furface of the fea. Re- 
quired the apparent rime of obfervation, and the error of the 
watch ? 

N 2 Time 
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Time per watch. | Alt. O’s 1 . limb. | 


ah. 53' 32" — 

24 0 

59 ' 

O ’s dec. at noon p. N. A. sr 6 ° 

25/4 

54 3 ° — 


52 

Eq. tab. xm. to dec.') 

2.8 

55 3<5 — 


44 

and 2h. 55' P. M. 3 — 

56 47 — 


35 

— to dec. and 5 1 0 1 9 ' W. = — 

3-2 

'20 25 


190 

Reduced declination, 6 

19.4 

Mean 2 55 6 

24 

47.5 Polar diftance, — 96 

19.4 

Semidiameter, — 

JL. 

16.2 


Dip — 

— 

3-8 



Correction — 

— 

1.9 



Cor. alt. O’s center = 

24 

58.0 



Sun’s polar-diftance = 
Ship’s latitude = 

96 

19.4 

— co-fecant ©.00265 


-45 

37 -o 

— fine — 0.15524 


Sum — 

166 

54-4 

— co-fine 9.05695 


Half — 

83 

27.2 


Remainder — 

5 * 

29.2 

— fine — 9.93071 





I 9 ,I 4555 


Arch — 

21 

57-4 

8 

— fine — 9-57277 


Apparent time, 2 

55 

39 



Time per watch, 2 

55 

6 



Watch flow, — 

— 

33 



At noon, October 9, 

1 794, the latitude of the fliip by obferra- 


tion was 43 0 12' N. and longitude by account 1 8° 20' W. In the 
afternoon, feverai altitudes of the Sun’s lower limb, and the corre- 
sponding times by the watch, were obferved, in order to find the 
error of the watch. The mean of the altitudes was 22 0 51', and 
that of the times of obfervation 3I1. 16 ' 47", and height of the eye 
18 feet. Since noon the courfe per compafs was N. E. by E. 7 
knots per hour, and variation i j points wefterly. Required the er- 
ror of the watch? 

Diftance run = 3I1. 17' X 7 k. = 23 miles •, and ii points allow- 
ed to the left of N. E. by E. gives N. E. a N. the true courfe, to 
■which and the diftance 23 miles, the difference of latitude is 18.5 m. 
and departure 13.7 m. Now to latitude 43 0 , taken as a courfe, in 
a traverfe table, and departure 13.7 in a lat. column, the diftance 
is 19 m. which is therefore the difference of longitude 

La- 
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Latitude at noon 43 0 12'N. Long, at noon — 18 0 20' N, 

Diff. of latitude 18N. Difference of longitude, 19 E. 

Prefent latitude 43 30 N. Long, at time of obferv. 18 1 W, 

Alt. Sun’s 1 . limb 22 51 Sun’s declination at noon 6 27 S. 

Semidiameter ■+■ 16 Eq.todec. and 3h. 17'P.M. + 3 

Dip and refraft. — 6 and 18 0 1' W. + 1 


Correfted alt. 
Polar diftance 
Latitude, — 

23 

96 

43 

1 

3 1 

3 ° 

Reduced declination, 

— co-fecant — 

— fecant t — 

6 3rS, 
0.00281 
0.13944 

Sum — 

Half — 
Remainder, 

163 

81 

58 

2 

3 1 

3 ° 

— co-fine, — 

— fine, — 

9,16886 

9 - 93°77 

Arch, — 

24 

4 ? 

8 

— fine — ■ — 

19.24188 

9.62094 

App. time 3 
Time p. watch 3 

*7 
1 6 

3 6 

47 




Watch flow, 49 


Many different methods might be given for computing from the 
fame data, the hoi;ary diftance of an object from the meridian. It 
is however thought proper to fubjoin only the two following, the 
firfl: of which is nearly fimilar to that given in the fecond edition of 
the Rrquifdc Tables; and the other is performed by means of a fet 
of tables calculated exprefsly for that purpofe — vide tables xxvit, 

XXVIII. XXIX. 


Method Second. 

For computing the Horary Dr/lance of an Object from the Meridian. 

Rule. 

If the latitude and declination are of different names, let their fum 
betaken, othcrwife their difference; from the natural co-flne of this 
fum or difference, fubtrafl the natural fine of the corrected altitude, 
and find the logarithm of the remainder; to which add the log. fe- 
cants of the latitude and declination, the fum will be the log. rifing 
of the horary diltance of the object from the meridian ; and if this 
obje£t is the Sun, the apparent time is known as before. 

Ex AM- 
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y Example. 

September 15th, 179a, in latitude 33 0 56 S. and longitude i8 p 
22' E. the mean of the times per watch was 8h. 12' 10" A. M. and 
that of the altitudes of the Sun’s lower limb 24 0 48'; height of the 
eye 24 0 feet. Required the error of the watch? 


Obf.alt. o’s 1. limb 

24 0 48' o’s dec. at noon p. N. A. 

2 0 40'. 5 S. 

Semidiameter 

+ 16.0 Equat. to 3h. 48' A. M. 

+ 3-7 

Dip — 

— • 4.7 to 1 8° 22' E. 

+ 1.2 

Correction 

— 1.9 Reduced declination. 

2 45-4 

Cor. alt. o’s center 

24 57-4 


Latitude — 

33 56 — fecant 

0.08109 

Declination — 

2 45.4 — fecant 

0.00050 

Sum — — 

36 41.4 N. co-fine 80188 


Sun’s altitude 

24 57.4 N. fine 42193 



37995 log. 

4-57973 

Sun’s mer. dift. 3 h. 48' 5 1 — rifing — 

4.66132 

Apparent time 8 

II 9 


Time p. watch 8 

12 IO 


Watch fall — 

1 1 



Method Third. 



For computing the Meridian Diflancc of an OhjeB. 

Rule. 

Enter tab. xxvii. with the declination of the object at the top, 
and the latitude of the place of obfervation in the fide column ; 
take out the correfponding number, to which prefix the index 4, 
and add to it the log. fine of the corrected altitude; find the natu- 
ral number anfwering thereto, to which apply the number from 
table xxvm. by fubt ration or addition, according as the latitude 
and declination are of the fame or of contrary names. Now find 
the above difference or fum in table xxix. and the correfponding 
time will be the diftance of the objeft from the meridian. 

Example. 

May 6, 1791, in latitude 56° 4' N. and longitude 38° 30' W. 

at 
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at 4h. 37' 4* P. M. per watch, the altitude of the Sun’s lower 
limb was 25 0 6'. I, and height of the eye 18 feet. Required the 
error of the watch for apparent time ? 

Alt. q’s lower limb 25 0 6'.i ©’s dec. p. N. Aim. = 16 0 35'.8 N. 

Semidiameter + ic.o Eq. to 4h. 37'P. M. + 3.4 

Dip — 4.1 to 38° 30' W. + 1.8 

Corredfion, — 1.9 — 

Reduced declination, 16 4 1 .0 N. 

Cor. alt. ©’s center 25 16.0 

To latitude 56° 4', and declination 16 0 41', the number from 
Table xxvii. = 4.27 19 Table xxvin. = 4455 

Alt. |(j"' fme 9.6303 

Sum — 3.9022 Natural number 7984 

Apparent time 4h. 37' 20" per table xxix. 3529 

Time p. watch 4 374 

W atch flow, 1 6 

Problem VII. 

Giwi the Latitude of a Place, the Altitude of a Imavn Fixed Star, 
and the Surds Right Afcettfton , to fnd the Apparent Time, and Error 
of the Watch. 

Rule. 

Correfl the obferved altitude of the ftar, and let its declination 
and right afcenfion be reduced to the time of obfervation. 

With the latitude of the place, the true altitude, and apparent de- 
clination of the Aar, compute its horary diflance from the meridian 
by any of the methods given in laA problem ; which being added to, 
or fubtrafted from, its right afcenfion, according as it was obferved 
in the weAcrn or eaflern hemifphcre, the fum or remainder will 
be the right afcenfion of the meridian. 

From the right afcenfion of the meridian, fubtraft the Sun’s right 
afcenfion, as given in the Nautical Almanac for the noon of the pro- 
pofed day; the remainder will be the approximate time of obferva- 
tion, from which fubtraft the equation anfwering thereto, and the 
Sun’s right afcenfion, from table xvm. and let the equation from 
the fame table, correfponding to the longitude, be added or fubtra cl- 
od according as the fhip is to the eaft or weft of Greenwich, and the 
refult will be the apparent rime of obfervation. Hence the error of 
the watch will be known. 

E X A Si- 
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Example. 

' December 12, 1792, in latitude 37 0 4 6' N. longitude 21° 15' E, 
a certain phenomenon was obferved, and at the fame inflant the al- 
titude of Arclurus, eaft of the meridian, was obferved to be 34° 
6'. 4 ; the height of the eye 10 feet. Required the apparent time of 
obfervation ? 

Obferved alt. of Artturus = 34° 6/4 
Dip — — — 3-° 

Refraflion — — 1 -4 


True altitude of Arflurus = 34 2.0 

Polar diffance — 69 43.6 — co-fecant 0.02778 

Latitude — — 37 46.0 — fecant 0.10209 


Sum — 

Half — 

Remainder 


141 31.6 

7045.8 — co-fine 9.5 1781 
3 6 43.8 — fine — 9.77674 


1942442 

Arch — — 31 2 — fine — 9.71221 

8 


Anfhirus eaft of meridian = 4 8 16 

Arclurus’ right afcenfion =14 6 13 

Right afcenfion of mer. =9 57 57 

Sun’s right afcenfion 17 21 59 

Approximate time 16 35 58 

Eq. to long. tab. xvfu. + 16 

Eq. to approx, time — 3 3 

App. time of obfervation 1633 it 

Remark. In order to attain the greate (l accuracy from obferva- 
tions of this kind, feveral flars lhould be obferved, and the error of 
the watch deduced from each Ear feparately. If an equal number 
of Ears be obferved on each fide of the meridian, and nearly equidi- 
Eant therefrom, thofe errors which arife from the infirument, the 
fpheroidal figure of the Earth, See. will by this means be rendered 
almoE infeiifible. If the fliip is under way, during the interval be- 
tween the obiervations of the different flars, and if that interval is 
confidcrable, it will be ncceffary to reduce the error to the fame 
meridian, by allowing for the difference of longitude made good 
between the ebfervations, 

Exam- 
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Example. 

January 29, 1792, in latitude 53 0 24 N. and longitude 25 0 18* 
W.. by account, the following altitudes of Procyon to the weft, and 
Alphacca to the eaft of the meridian, were obferved by two fepa- 
rate perfons at the fame inftant. The elevation of the perfon’s eye, 
who obferved the altitude of Procyon,' was 26 feet above the fur- 
face of the lea, and the height of his eye, who obferved the altitude 
of Alphacca, was 22 feet. Required the errof of the watch? 

Time per watch. | Alt. Procyon. | Alt. Alphacca. 


14 h. 53' o" 20 0 46' 41 » 23' 

14 57 o 20 12 ■ * 42 2 

15 o 32 19 42 42 29 

J 5 4 o 19 13 43 o 


2 34 32 233 _ S4 

Mean 14 5838 19 582 42 13,5 

Dip - 4.3 - 4 . 5 

Refraction — 2.6 — 1.0 


Cor. altitude 19 51.3 42 8.0 

Computation of the app. time from the corrected alt. of Procyon. 
Procyon’s altitude 
polar dif 
Ship’s latitude, 


Sum 

Half 

Difference 


Arch — — 


Right afc. meridian 


Approximate time, 
Equation to long. 


Apparent time, 


M 54 32 

O 


= r 9 » 

5*'-3 



e = 84 

14.8 — 

co-fecant 0.0021a 

53 

24.0 ■ — 

fecant 

0.22459 

157 

30.1 



78 

45.0 — 

co-fine 

9.29024 

58 

53-7 — 

fine 

993259 


J » • - 


19.44961 

32 

•2.9 — 

Z 

fine 

9.7248a 

t 

! 4 16 

23 


% 

7 28 

24 

t 


11 44 

47 



20 47 

22 , f 



*4 57 

25 



— 

17 


. , , 

— 2 

3 6 




Com- 
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Computation of the apparent time from the corr. alt. of Alphacca. 
Alphacca’s altitude = 42° 8' 

polar dill. = 62 34.6 — co-fecant 0.05177 

Ship’s, latitude — 53 24 — fecant — 0.22459 


Sum — • — 

Half — — 

Difference . ( — 

%, 

158 6.6 

79 3-3 
36 55*3 

Arch — ^ — 

27 39- 6 


8 


co-fme — 19.27845 
fine — 9.77867 


IP-33348 
fine — 9.66674 


Alphacca’s trier, drfl. 3 41 17 
right afcen. 15 25 52 

Right afcenfion mer. 11 44 35 
Sun’s right afcenfion, 20 47 22 

Approximate time — 14 57 13 
Equat. to time and Ion. — 2 S3 

Apparent time — 14 54 20 

App. time by ob. Proc. 14 54 32 

Mean, — — 14 54 26 

Time per watch, — 14 58 38 

Watch fall, — 4 12 


Problem VIII. 

Given the Altitude of a Planet , to find the apparent time of ohfervation. 
v Rule. 

Let the mean of feveral altitudes of the planet’s center be coi reifi- 
ed by the dip of the horizon, and the refraftion as ufual.* 

Reduce the declination of the planet, as given in the Nautical 
Almanac, to the time and place of obfervation, and from thence 
find its polar dilfance; with which, its correfled altitude, and the 
latitude of the (hip, compute its meridian dilfance by prob. vi. 

Find the proportional part anlwering to the interval between the 
reduced time of obfervation, and the time of the planet’s preceding 
palfage over the meridian; which added to, or fubtraifled from the 
time of the preceding tranfit, according as the following tranfit hap- 
pens at a later or an earlier hour, and the fum or difference, will be 

the 


* If great accuracy is required, the parallax of the planet in altitude rcuft be com- 
puted from alhonoir.ical tables, and adde thereto. 
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the reduced time of t ran fit; to which the planet’s meridian diftance 
being applied by addition or fubtraftion, according as it was ob- 
ferved in the weftern or eaftern hemifphere, and the fum or diffe- 
rence, will be the apparent time of observation : the difference be- 
tween which, and that fhown by die watch, will be its error. 

Example. 

February 14, 1792, in, latitude 43 0 26' N. and longitude 54° 
16' W. the following altitudes of Jupiter were obferved, the height 
of the eye being 1 4 feet. Required the error of the watch ? 


Time p. watch = I2h. 21' 10" Alt. 

= i S ° 

5 ^ 


22 50 

1 6 

8 


2$ >5 

16 

25 


9 »S 

1 6 

29 


Mean — ' 12 23 5 

9-7 


Long, in time 3 37 4 Dip 


3-5 

) 

Reduced time 16 0 9 Refraft. — 

3-2 


True altitude of Jupiter 

1 6 

3 


Polar diftance — 

100 

4 1 co-fecant 

0.00759 

Latitude — — 

43 

26 fecant — 

■ 0.13896 

Sum — — 

1 do 

10 


Half _ — 

80 

5 co-fine — 

- 9.23607 

Remainder — 

<4 

2 fine — 

9.95378 




19.33640 

Arch — . — 

27 

45J fine — 
8 

9.66820 

Z 1 

IT 


Jupiter’s meridian diftance 3 42 6 

Time of preced. tran. 13d. 16 h. 9' ,13 d. 1 h. 9' 

of follow, tran. 19 15 46 red. time 14 16 o 


5 23 37 : 23' :: 23 

5 * 

: 3' 

49 ' 

Preceding tranfit — 

1 6 

9 

O 

Reduced time of tranfit — 

1 6 

s 

I I 

Jupiter’s meridian diftance 

3 

42 

6 

Apparent time — 

12 

23 

5 

Time per watch — 

12 

23 

S 


Watch exaft — — 0 

o 2 Pr°- 


Digitized by Google 


( 100 ) 

Problem IX. 

Given the Altitude of the Moon, the Latitude and Longitude ef a Place , 
and the ejiinuite Time of Obfervation, to find the apparent time. 

Rule. 

Corrcfl the altitude of the Moon’s limb, by prob. xi. page 79. 
and reduce its declination to the time and place of obfervation, by 
prob. vii. page 76. Now with the latitude of the place, the alti- 
tude and declination of the Moon, compute its diftance from the 
meridian. 

To the time of the Moon’s pnftage over the meridian of Green- 
wich, as given in the Nautical Almanac, apply the equation from 
table xx. anfwering to the daily variation of the Moon’s pafiage 
and meridian diftance, and alfo that correfponding to the daily va- 
riation of tranfit, and the longitude of the place of obfervation. — 
The fir ft of thefe equations is additive, if the Moon be in the weft- 
ern hemifphere at the time of obfervation, but fubtraflive, if in the 
eaftern; and the fecond equation is to be added, if the fltip’s longi- 
tude is weft, otherwife fubtraffed. Hence the pofition of the Moou 
with refpeft to the meridian of the place of obfervation will be 
known; to which the Moon’s meridian diftance being applied by 
addition or fubtraffion, according as the Moon was obferved in the 
•weftern or eaftern hemifphere, and the fusa or remainder will be 
the apparent time of obfervation. 

Exampxe. 

March 3, 1792, the following altitudes of the Moon’s lower limb 
were obferved, the height of the eye being 1 o feet, and the fhip’s 
latitude and longitude 5 1° 38' N. and 32 0 1 8' \V. refpeflively. Re- 
quired the apparent time of obiervation, and the error of the watch ? 


Time per watch = nh. 24' 16" Alt. p’s lower 1 . —38 12 

27 o 37 55 

29 10 . 27 31 

31 o — 37 13 

34 9 3 6 4 6 


45 35 >57 

Mean — 11 29 7 37 31.4 

p ’s decl. at midnight 17 6N- augm. femidiam. + 15.1 

Eq. to var. dec. and oh. 31' -|- 2 Dip — 3.0 

and long. 32 0 ? __ . 


18' W. 3 App. alt. P ’s center 37 43.5 

— — Correflion, tab. ix. -j- 42.0 

Reduced declination 17 o N. 

Cor. alt. p’s center 38 25.5 

To 
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To latitude 51 0 38' N. and declination 1 7 0 o' N. die number 
from table xxvii. = 4-2265 from table xxvm. = 3862 

i ’s silt. 38° 25'-5 fine 9.7934 

4.0199 — Natural number — 10470 

Meridian drftance of moon, 3h. 14' 33" Table xxix. 6608 
p’s paflageover mer. Gr. 8h. 10' 

Eq. to daily var. and3h. 14' 4- 6 

and long. 32 0 id* W. + 4 


Reduced time 


8 

20 

0 

Apparent time, 

. „ . 

— 11 

34 

33 

Time per watch. 



1 1 

29 

7 

Watch flow, 

- 


s 

26 


By this tnediod of operation, the time can fcarcely be found near- 
er than one minnte. If, however, a greater degree of precifion be 
required ; let the right afcenfions of the fun and moon be reduced 
to the place of obftrvation’ and to the apparent time before found. 
Then to the moon’s reduced right afeenfion, apply its meridian di- 
Jtance by addition or fubtraftion, according as the moon is obferved 
in the weftern or eaftern hemilphere, and the right afeenfion of the 
meridian will be obtained : from which lubtract the fun’s right af- 
feenfion, and the remainder will be the apparent time of obfervation 
more correft than that found by the former method. Thus in the 
preceding example. 

q’s R. A. at noon is= 22h. 59' 52" p’s R. A. at noon is = 103 0 36' 

Eq. touh. 34't. xviii. q- 1 48 . + 6 04 

to long. 32 0 t8'W. 4-20 — (- 1 7 

Reduced right afeenf. 23 2 o — 107 434 

4 

Moon’s right afeenfion in time 7 22 54 

Moon’s meridian diflance 3 14 33 


Right afeenfion of the meridian 
Sun’s right afeenfion 

1 

Apparent time 

Time per watch 


10 37 27 

23 2 o 

11 35 27 

1 1 29 7 


Watch flow, 
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If the drror of the watch, and the change of the moon’s declina- 
tion be confiderable, the computation of the moon’s diftauce from 
the meridian muft be repeated. 

If the apparent time at Greenwich be known, the time at the 
fhip may be very accurately found, by taking out the right afcenfions 
of the fun and moon, and the moon’s declination agreeable to that 
time. Then with the (hip’s latitude, the moon’s correct altitude 
and declination, its meridian diftance is to be computed ; which be- 
ing compared with its right afcenfion, will give the right afcenfion 
of the meridian, from which, the fun’s right afcenfion being taken, 
the remainder will be the apparent time of obfervation. 

Since the right afcenfion and declination of the moon, cannot be 
accurately reduced to any given time and meridian by even propor- 
tion ; this method of afcertaining the time is, therefore, (till liable 
to fome uncertainty, unlefs the above data be previoufly corrected 
by the equation of fecond difference from table xxxvn. or com- 
puted from aftronomical tables, for the given time reduced to the 
meridian of Greenwich. 

The pofition of a celeftial objedt, moft favourable for determin- 
ing the apparent time with accuracy is, when it is in the prime ver- 
tical; or, if it does not fet, when in that part of its diurnal path 
which is in contact with an azimuth circle ; as then, the change of 
altitude is quickefi, and the latitude is not an eflential element. 
The neater an objedt is to either of thefe pofitions, the lcfs will be 
the error in the time, arifing from given unavoidable errors in the 
obfervations and latitude. Table xxv. contains the altitude moft 
proper for this purpofe. 

When the declination and latitude are of contrary names; the 
objedt is paft the prime vertical before it rifes; and is fet before it 
comes to that circle : in this cafe, and upon account of the irregula- 
rity to which the refradtion near the horizon is liable ; the altitude 
of the objedt fhould not be under three degrees, nor its meri- 
dian diftance lefs than two hours, at the time of obfervation. 
Otherwife, it is not proper to ule that objedt for the purpofe 
of afcertaining the apparent time. 

It may be alfo obferved, that, the lefs the latitude and declina- 
tion, and the greater the altitude of the objedt, the lefs is the error 
in the apparent time, anfweriug to a given error in the altitude, de- 
clination or latitude. 

The error in the apparent time anfwcring.to a given error in any 
of thefe quantities may be found by computation ; for which pur- 
pofe the three following problems are inferted. 

Pro- 
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Problem X. 

Given the Latitude , Azimuth, and Error in Altitude; to find the Error 
in the apparent Lime anfwering thereto. 

Rule. 

To the con ft ant log. 1.1761 add the log. co-fine of the latitude, 
the log. fine of the azimuth, and the proportional log. of the error 
in altitude ; the fum* will be the prop. log. of the error of apparent 
time, which is additive to the meridian diftance, if the error of al- 
titude be in excefs, otherwife fubtradlive. 

Example. 

Let the latitude of the place of obfervation be 5 1 0 3 1' N. azimuth 
of the obferved objeff S. 48° 10' E. and error of altitude 10'. Re- 
quired the correfpondent error of the apparent time ? 


Conftant log. 



Co-fine 

1.1761 

Latitude 

51° 

3 l ' ~ 

9.7940 

Azimuth — 

48 

IO 

Sine 

Q.8722 

Error in altitude — 


10 

P. Log. — 

>•2553 

Error in the apparent time 

1' 26" 

P. Log. — 

2.0976 


Problem XI. 

Given tie Error in Declination , to find the correfpcnding Error in the ap- 
parent time. 

Rule. 

To the conftant log. 1.1761 add the log. co-fine of the declination, 
the log. tangent of the angle of pofition -f, and the prop. log. of the 
error of declination; the fum will be the prop. log. of the error of 
the apparent time, which is additive to the meridian diftance, if the 
corredlion of declination is to be fubtrafled from the elevated polar 
diftance; otherwife, this correflion is fubtraffive. 

Example. 

Let the declination be 18 0 37', angle of pofition 37 0 29', and 
error of declination 1 o'. Required the refulting error of the appa- 
rent time? 

Con- 

• It is always to obferved, that in order to fimplify the operation, tens are con- 
flantly to be rejected from the indices, and the fwms of indices. 

t The angle of pofition may be computed by the following formula. Sine angle of 
pofition =r Cot lat, fee, alt. fir.e mcr. dirt. -- ccf. lat. fee. decl. fine azimuth to ra- 
dius unity. 
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Conftant log. — — 

Declination — 1 8° 3 7' — 

Angle of pofition — 37 29 — 
Error in "declination — 10 — 


— 1.1761 

co-fine - 9.9767 
tangent - 9.8847 
P. Log. - 1.2553 


Error in the app. time 0.55" P. Log. 2.2928 


Problem XII. 

Given ihe Error in Latitude , to find the Error in the Apparent Time 
answering thereto. 

Rile. 

To the confiant log. 1.1761, add the log. cofine of the latitude, 
the log. tangent of the azimuth, and the prop. log. of the error 
in latitude; the fum will be the prop. log. of the error of the appa- 
rent time, which is additive, if the eftimare latitude is greater than 
the true latitude, otherwile fubtraffive, the azimuth being lefs than 
90 0 ; if greater, the contrary rule is to be applied. 

Example. 

Let the latitude be 54 0 42', the azimuth 2 6° 17', and the error in 
latitude 10'. Required the error of the apparent time? 

Conftant log. — — — 1.1761 

Latitude — 54 0 42' — co-fine — 9.7618 

Azimuth — 26 17 — tangent — 9.6936 

Error in latitude — 10 — P. Log. — 1*2553 

Error in apparent time 2' 20" P. Log. 2.8868 

In the preceding methods of computing the apparent time at fea, 
the altitude and declination of the obferved objefl, and the latitude 
of the fhip, were the necefiary data. It is however almolt impofii- 
ble to obtain thefe elements fufficiently corredf at fea; we have 
therefore fiiown how to make an allowance for any probable error 
that may be in either of thefe quantities. — But if thofe errors 
are not known, a correction cannot be applied. It is therefore 
thought proper to fubjoin the three following methods of finding the 
apparent time, in the firft of which the latitude is not required as a 
necefiary element; in the fecond, neither the; latitude nor altitude 
of the obferved objefl are necefiary; and in the third method, neither 
the latitude nor declination of the objeft are requifite. 

Pro- 
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Problem XIII. 

Given the Latitude of the Place of Obfervation, to find the apparent Time 
•when two known Fixed Stars were obferved in the fame V crtical. 

Rule. 

To the log. co-tangent of the declination of the ftar neareft the 
elevated pole, add the log. tangent of the other ftar’s declination, 
and the log. co-fecant of the difference of their right alcen lions; 
the fum will be the log. of a natural number, the difference between 
which, and the natural co-tangent of the difference of right alcen- 
fton,* will be the natural tangent of arc firfi, if the declinations of 
the ftars are of the fame name; but if of contrary names, the fum 
of thole quantities will be arc firfi. 

Now to the log. co-fine of arc firft, add the log. tangent of the 
latitude, and the log. co-tangent of the declination of the ftar near- 
eft the meridian; the fum will be the log. cofine of arc fecond. The 
difference between arcs firlf and fecond, when the common azi- 
muth is lefs than a quadrant, otherwife their fum, will be the me- 
ridian diftance of the ftar neareft the meridian. Hence the apparent 
time is found, as in prob. vn. 

Example. 

July i, 1792, in latitude 57 0 9' N. and longitude 2° 9' W. the 
liars Vega and Altair were obferved in the fame vertical at ioh. 9 ' 
per watch. Required the apparent tunc of obfervation, and the 
error of the watch? 

App. R. A. ofV ega = 1 8h. 29' 56* 
of Altair =19 40 40 

Diff. of app. right af. = 1 10 44=17° 41' Co-fecant — 0.51747J 

App. dec. of Vega = 38° 36' 0" Co-tangent - 0.097840 

• of Altair = 8 1950 Tangent — 9.165627 


60387 - 9.780942 

Difference of right afc. 17 41 o N. co-tan. 313656 


Arc firft 

68 

27 20 N. tang. 

253269 Co-f. 9.564930 

Latitude 

57 

9 0 

Tangent 0.189975 

Appar. decl. of Vega 

38 

36 0 

Co-tangent 0.097840 

Arc fecond 

44 

34 0 

Co-fine — 9.852745 

Arc firft 

68 

27 20 



Mer. diftance of Vega 23 532c = ih. 35' 33" 

P Mer. 

* The difference of the right afrenfions of the two ftars is fuppofed to be lefs than 
fix hours, fince in pruflice it will fcareely ever exceed that quantity. 
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Mcr. diflance of Vega 23 53 20 

= ih. 

35 ' 

33 * 

Apparent right afcenfion of Vega 

- 18 

2 9 

5 6 

Right afcenfion of the meridian 
Sun’s right afcenfion . 

/ 

l6 

54 

23 

6 

44 

23 

Approximate time — 

IO 

IO 

O 

Equation to approx, time 

— 

1 

45 

to longitude 

— 


1 

Apparent time . 

IO 

8 

14 

Time per watch, 

10 

9 

O 


Watch fall, 46 


Remark- If the right afcenfions aft equal, the vertical will be 
the meridian; and hence the apparent time is ealily found, by fub- 
trafling the Sun’s right afcenlion from that of the flar, and apply- 
ing the equations as formerly. 

If the flars be obferved on the fame vertical at different times, the 
difference between the obferved interval reduced to fiderial time, 
and the difference of right afcenfion, is to be ufed in place of this 
laft quantity. 


Problem XIV. 

Given tie Interval of Time between the Rifing of two known Fixed 
Stars , to find the Apparent Time of either Obfervation. 

Rule. 

Reduce the obferved interval to fiderial time, which may begone 
with fufficient accuracy, by adding to the interval in mean folar 
time, the proportional part anfwering to 24 hours, the above inter- 
val, and 3' 56", which is the mean daily increafe of the Sun’s right 
afcenfion; and let the difference between the reduced interval, and 
the difference of the right afcenfions of the flars, be called arc firft. 

Now, to the log. co-fecant of arc firft, add the log. co -tangent 
of the declination of the firft obferved flar, and the log. tangent of 
the declination of the other flar; the fum will be the log. of a natu- 
ral number, the fum or difference of which, and the natural co-tan- 
gent of arc firft, according as the declination of the flars are of dif- 
ferent or of the fame affeftion, will be the natural tangent of the 
meridian diflance of the firft obferved flar, if the declination of that 
flar, and the latitude are of contrary names; otherwife, the fupple- 
ment of the above quantity will be the meridian diflance of that flar, 
and hence the apparent time is found as formerly. 

Exam - 
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Example. 

O&ober 25th, 1792, in longitude 21° E. by account, the interval 
in mean time between the riling of Atdebaran and Rigel was 3I1. 17' 
30". Required the apparent time of the rifmg of Aldebaran : and 
fuppofe the watch to have pointed out 6h. 39' at that time, its error 
is required? 

App. R. A. of Rigel = jh. 4' 36" Obferved interval 3I1. 17’ 30" 
of Aldebaran=4 24 3 Proportional part 4- 3a 

Difference of R. A. — o 40 33 Reduced interval, 3 18 2 

Reduced interval — 3 1 8 2 

Arc firft — 2 37 29 = 39° 22' 15" co-fecant 0.197680 

App. decl, Aldebaran 16 4 55 co-tangent 0 540165 

App. decl. Vega — 8 27 9 tangent — 9.172029 

8x260 — 9.909874 

Arc firft — 39 22 15 N. co-tang. 121868 


63 47 16 N. tang. 

203128 

Mer. dift. Aldebaran 1 16 1 2 44 = 

R. A. Aldebaran — — — • 

7 h * 44 ' 5 1 " 
4 24 3 

R. A. of the meridian — — 

Sun’s R. A. — — — 

20 39 12 
14 2 18 

Approximate time — — — 

Equation to approximate time — 
to longitude E. — 

6 36 54 
- 1 3 

+ 13 

Apparent time of riling of Aldebaran, 
Time per watch, — — — 

6 36 4 

6 39 0 

Watch fall, _____ 

2 56 


Problem XV. 


Given three Altitudes of the Sun, or a fixed Star, with the Intervals of 
Time between the Obfervations, to find the apparent time of cither Ob- 
fervation. 

Rule. 

Let half the interval between the obfervations of the two greateft 
altitudes be reduced to degrees, and called arc firfl; call half the 
interval between the inftaots when the two lcaft altitudes were obferv- 

P 2 ed 


Digitized by Google 


ed, arc fecond; and let the fum of arcs firll and fecond be arc third. . 

From the natural fine of the greateft altitude, fubtracl the natural 
fines of the other two altitudes refpeftively; call the greateft re- 
mainder arc fourth , and the lead arc fifth. 

Now to the ar-co-log. of arc fourth, add the log. of arc fifth, 
and the log. fine of arc third; the fum, rejecting radius, will be 
the log. of arc fixth. To the log. fine of arc firft, add the log. co- 
fine of arc fecond; the fum, rejecting radius, will be the log. of arc 
feventh. To the ar-co-log. of the difference of arcs fixth and fe- 
venth, add the log. fines of arcs firft and fecond; the fum, reject- 
ing radius, will be the log. tangent of arc eight, the difference be- 
tween which and arc third, is the apparent time from noon, when 
the greateft altitude was obferved. 

Remark. If the objedt is a ftar, the obferved intervals muft be 
reduced to fiderial time. 

Call the index of the log. of the difference of the natural fines 9, 
when that difference is 1 lefs than the radius of the table, 8 when it 
is 2 lefs, 7 when 3 lefs, and fo on. 

Example. 

At ph. 5 1' 58" A. M. per watch, the correCl altitude of the Sun’s 
center was 2i° 1 1', at 1 oh. 48' 54" the altitude was 24 0 40', and 
at 1 1 h. 29' 42" the altitude was 26° o’. Required the true appa- 
rent time when the greateft aldtude was obferved ? 

Time per watch. | 

9h. 51' 58" 

10 48 54Diff.=:56'56"Half=28'28"In deg.7°7'arc iftl 1 2 0 13' 

11 29 42Diff.=4o 48"Half=20 24 Indeg.5 6 arc 2d J =arc3d, 
Alt. = 21° 11 N. fine 36135 

24 40 N. fine 41734 diff. r= 7702 = arc fourth. 

26 o N. fine 43837 diff.= 2103 = arc fifth. 

Arc fourth = 7702 ar-co-log. 1.1 1340 arc firft 5 0 6 ' fine 8.94887 
Arc fifth =2103 log. 8.32284 arc fee. 7 7 co-fine 9.99664 

Arc third =12° 13' fine 9.32553 arc fev. 8821 log. 8.94551 

Arc fixth = — 8.76177 — 5778 

Difference — 30433^0-10.1.51670 
Arc firft — 5 0 6 > fine — 8.94887 
Arc fecond, — 7 7 fine — 9.09304 

Arc eighth - 19 54 - tang. - 9.55861 
Arc third - 1213 

Merid. dift. - 7 41 in time = 30' 44" 

11 29 16 
11 29 42 

— 26 

In 


Apparent time — 
Time per watch — 

Watch faft 
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In the preceding problems, for computing the apparent time from 
the obfervation of the altitude of a celeftial objedt, the Earth was 
f’uppofed fpherical, and the computations were performed agreeable 
to that hypothefis. But becaufe the figure of the Earth is that of an 
oblate fpheroid, the latitude of a place, as inferred directly from 
obfervation, is therefore greater than the angle at the Earth’s cen- 
ter, contained between the equatorial radius, and a line joining the 
Earth’s center and the place of obfervation. This reduction of lati- 
tude, according to Sir Ifaac Newton’s hypothefis, is contained in 
table xxxvi. 

As the altitude of a celeftial objedt is obferved from the vifible 
horizon, whofe pole is the apparent zenith; therefore, in order to 
make an allowance for the fpheroidal figure of the Earth, a corredtion 
muft be applied to the obferved altitude, to refer it to the reduced 
horizon. Table xxvi. contains this reduction. Since the reduced 
zenith is always more diftant from the elevated pole than the appa- 
rent zenith, the above corredtion is therefore additive, when the azi- 
muth reckoned from the meridian is lei's than 90°, but fubtradtive, 
■when it exceeds that quantity. 

In order to illuftrate the above, the following example of the 
computation of the apparent time, from an obfervation of the Sun’s 
altitude, is inferted. 

June 18, 1792, in latitude 57 0 8'-9 N. in the afternoon the alti- 
tude of the Sun’s lower limb was 42 0 24', and height of the eye 13 
feet. Required the apparent time of obfervation ? 

Altitude 42° 24' Latitude 57 0 8'.9 

Semidiameter — + 15.8 Redudtion — — 13.7 

Dip — — 3-4 

Corredtion — _ .9 Reduced latitude 56 55.2 


Corrcdted alt. 42 35.5 
Red. tab. xxxvi. + 5.7 


Reduced altitude 

42 

41.2 


Polar diftance 

66 

33-2 

— 

Latitude — 

5<5 

SS - 2 

— 

Sum — 

166 

9.6 


Half — 

83 

4.8 

— 

Remainder — 

40 

23.6 

— 


23 

15-5 

8 

— 


Apparent time, 364 


co-fecant 0.0374267 
fecant — 0.2629589 

co-fine - 9.0809269 
fine — 9.8115960 

19.1929083 
fine — 9.5964542 


CIIAP. 
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CHAP. IV. 




Of the Methods of clearing the Apparent Di/lance between the Moon 
and the Si/n or a Fixed Star, ftom the cjfeEls oj Refraction and 
Parallax. 

S INCE the obferved altitude of a celeftial object is affefted'by two 
phylical caufes, the refraftion and parallax, whole effefts are 
produced in a vertical direftion ; it is therefore obvious, that the ob- 
served diftance between any two objefts will be alfo affefted by thefe 
caufes. Indeed with regard to the fixed ftars, the parallax vanilhes ; 
and therefore thofc objects are affefted by refraftion only. But in 
obfervations of the Moon particularly, the effeft of parallax is very 
fenfible, upon account of its proximity to the earth. Therefore, by 
reafon of the above caufes, the true diftance between the Moon and 
any celeftial objeft is, for the moft part, confiderably different from 
that obferved. 

Let Z. (fig. 24.) reprefent the zenith, s the apparant place of the 
Sun, and m that of the Moon ; the arch sm will therefore be the ap- 
parent diftance between thefe objefts. Alfo ZS, ZM, being vertical 
circles, palling thro’ the centers of the Sun and Moon, the true and 
apparent places of thefe objefts will be found therein. 

Now ftnce the refraftion is ever greater than the parallax of the 
Sun at the fame altitude, the true place of die Sun will therefore be 
lower than the apparent place, which let be S, and becaufe the 
moon’s parallax at any given altitude, is greater than the refraftion at 
that altitude, its true place will therefore be higher than the apparent 
place, which let be M, and SM will be the true diftance. 

The method of reducing the apparent to the true diftance, or in 
other words, that of clearing the apparent diftance from the effefts 
of refraftion and parallax, being the moft tedious part of the calcu- 
lus for afeertaining the longitude, when the calculation is performed 
by the common fpherical analogies; many eminent aftronomers and 
mathematicians have therefore given compendiums to facilitate the 
folution of this problem ; among which are thole by the Chevalier dc 
Lor da, the Abbe de la Gaille,* MelTrs Dunthorn, Emerfon, Jeaurat, 
Krawft, de la Lande, Lyons, Malkelyne, Robertlon, Romme, Wit- 
chel, Vince, &c. — but the largeft and moft elaborate work, that has 
hitherto appeared for the purpol'e of correfting the apparent diftance, 
is the Cambridge Tables, f 

x All 

* Mr James Ftrjruflbn’s Parallaftic Rotola is conrtni£teJ on the fame principle* as 
the Abbe de la Caille’s ChaJJii de Rcdutiion. 

f Theft fa : les are adapted to give the correction, anfreting to the diftance between 
the Moon and a ftar only ; therefore, when the true diftance between the Sun and 
JvIuQ.n is required, it becomes ncccfliry to apply another correction depending on the 

Sun's 
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All the methods that have hitherto been given, for the purpofe of 
reducing the apparent to the true diftance, depend on one or other of 
the two following principles ; of which, the firft appears to be the 
moll iimple and accurate. 

Firft General Principle. 

With the apparent zenith dillances Zm, Zs { fig. 24.) and the ap- 
parent diftance between the objefls ms, compute the vertical angle 
mZs: with which, and the true zenith dillances, ZS, ZM, the 
true diftance MS, may be found. 

Second General Principle. 

Let Z (fig. 25.) be the zenith ; Zm, Zs, the apparent zenith dis- 
tances of the Moon and liar, and fin the apparent diftance. Let Ss, 
inn be the refradlions in altitude of thofe objedls refpedlively. 
Join Sn, and draw fa mb perpendicular thereto ; and Sanb will be 
the effedls of refradlion ; which therefore being applied to the ap- 
parent diftance, will give Sn, the diftance correfled by refraction. 

Again, let nM be the parallax of the Moon in altitude, and SM 
being joined, will be the true diftance. From M draw Me perpen- 
dicular to Sn, and cn will be the principal effedl of parallax in dif- 
tance ; which being applied to the diftance correfled by refraflion, 
will give the arc Sc. Now in the right angled Spherical triangle Sc M, 
Sc and Me being given, SM may be found, or r3ther the difference 
between SM and Sc may be computed, which being applied to Ss 
will give the true diftance SM. 

If the objedl with which the Moon is compared be the Sun, ano- 
ther corredlion, depending on the parallax of that objedl, is nccel- 
fary. This corredlion may be computed on the fame principles, as 
the effefl of the Moon’s parallax. 

The firft of the following methods is perhaps as eafy a folution of 
this problem as has hitherto appeared, efpecially when the table of 
natural verfed fines, which accompanies this work, is ufed. The 
Second is another Solution, which will be found extremely eafy, if 
Taylor’s log. tables be ufed. Both thefe depend on the firft general 
principle. The other methods are deduced from the Second gene- 
ral principle. 

Problem I. 

The Apparent D fiance between the Moon and the Sun, or a Fixed Star, 
together with the Altitude of each being given, to find the True Difiar.ee. 

Me- 
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San’s parallax. This eorrc&ion may he taken from tables v. and vi. fuoplcmcntal 
of the firft edition of the Rrquifite Tables. Mr Margctt's Longitude Tables, are de- 
duced from the Cambridge Tables. 
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Method I. 

Of reducing the Apparent to the True Difiance. 

Rule. 

Take the correction of the Moon’s altitude from tabic ix. to which 
add the correction* of the Sun’s altitude, or the refrafticn of the ftar. 
Now this fum added to, or fubtrafted from, the difference of the 
apparent altitudes, according as the Moon is higher or lower than 
the Sun or ftar, will give the difference of the true altitudes. 

From the natural verfed fine of the obferved diftance, fubtrafl the 
natural verfed fine of the difference of the apparent altitudes, and to 
the log. of the remainder add the log. from table xlii. anfwering 
to the Moon’s apparent altitude and horizontal parallax. Now the 
natural number anfwering to the fum of thefe two logs, being added 
to the natural verfed fine of the difference of the true altitudes, will 
give the natural verfed fine of the true diftance. 

Examples. 

I. Let the apparent difiance between the centers of the Sun and 
Moon be 8i° 23' 38", the apparent altitude of the Sun 27 0 43', the 
apparent altitude of the Moon 48° 22', and the Moon’s horizontal 
parallax 5 8' 45". Required the true diftance ? 

App. diftance=8i° 23' 38 N.V.S.=850359 

Diff. app. alt. = 20 39 oN.V.S.= 64248 log. t. xlii. 9.994623 

Corr. i ’s alt. = + 38 26 Diff. = 786111 - log. — 5.895484 


©salt. = + 1 40 N. No. = 776440 5.890107 


Diff. true alt. = 2 1 19 6N.V.S.= 68425 

True dift. 81 4 31 N.V.S. = 844865 

II. Let the apparent diftance between the centers of the Sun and 
Moon be 72 0 21' 40", the apparent altitude of the Moon 19" 19', 
that of the Sun 25 0 16', and the Moon’s horizontal parallax 56' 32". 
Required the true central diftance ? 

App. diftance= 72 0 21' 4o"N.V.S.=696983 

Diff. app. alt. = 5 57 o N.V.S.= 5387 log. t.XLii. 9.997818 

Corr. 5 ’salt. = — 50 40 Diff. =691596 — log. - 5.839852 

©’s alt. = — 1 53 N. No. =688130 5-837670 

Diff true alt. = 5 4 27 N.V.S.= 3919 

Trucdiftance=72 3 51 N.V.S. =692049 

* The difference bttw en the rcfra&ion and parjlUx of the Sun in altitsde. 


Digitized by Google 



( ”3 ) 

Method II. 

Of reducing the Apparent to the True D'flance. 

Rule. 

Add together, the apparent diftance and the apparent altitudes of 
the centers of the Sun and Moon ; find the difference between half 
the fum' and the apparent diftance. 

Take the log. from table xlii. anfwering to the Moon’s apparent 
altitude and horizontal parallax, to which add the log. cofines of 
the above half fum and difference, and half the fum of thefe three 
logs, will be the log. fine of an arc. 

Now add together, the log. cofines of the fum and difference of 
this arc, and half the fum of the true altitudes; then will half the 
liim of thefe two logs, be the log. fine of half the true diftance. 

Examples. 

I. Let the apparent diftance of the Sun and Moon’s centers be 
38° 45' 40", the apparent altitude of the Moon’s center 29° 31', that 
of the Sun’s center 35 0 43', and the Moon’s horizontal parallax 
57' 43". Required the true diftance? 

Sum of apparent altitudes 65° 14' o" 
Correction J ’s altitude + 48 33 
Correction ©’s altitude — in t 

App. diftance =38° 45' 40" 

App. altitude D = 29 31 o Sum of true altitudes -66 1 22 
App. altitude 0= 35 43 o Half fum true altitudes - 33 o 41 


Sum — 

103 

59 

40 

Log. difF. tab. 

XLII. XLIII. 

9.996580 

Half — 

5 1 

59 

5 ° 

— — — 

co-fine — 

9.789369 

Difference — 


14 

10 

— — — 

co-fine - 

9.988307 

Half fum true alt. 

33 

0 

4 i 



19.774256 

Arc — 

5 ° 

27 

20 

— — — 

fine — 

9.887128 

Sum — 

83 

28 

1 



co-fine — 

9.056052 

Difference — 

*7 

26 

39 

— — — 

co-fine — 

9-9 79552 







i 9 -° 35 6 °4 


J 9 

14 

9 § 

— — — 

fine — 

9.517802 

True diftance — 

38 

28 

l 9 





II. The apparent diftance between the Moon’s center and * Arie- 
tis is 64° 36' 40", their apparent altitudes 44 0 33' and 1 1? 51' te- 

Q fpeft* 
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fpe&ively, and the Moon’s hor.zcntal parallax 6 1 ' 10". Required 
the true diftance ? 


Apparent diftance 64° 

36' 

40" 

Apparent alt. j 

44 

33 

0 

Apparent alt. * 

1 1 

5 1 

0 

Sum — 1 

21 

0 

40 

Half — 

60 

3 ° 

20 

Difference — 

4 

6 

20 

Half fum true alt. 

28 

3 1 

6 

Arc — 

44 

9 

1 

Sum — 

72 

40 

7 

Difference — 

*5 

37 

55 


32 

23 

7 

True diftance — 

64 

46 

14 


Sum of apparent altitudes =5 < 5 ° 24' o" 
Correction of 5 ’s altitude + 4238 
Refraftion of * ’s altitude — 426 


Sum of true altitudes — 57 2 12 

Half liim of true altitudes 28 31 6 

Log.difT.tab. xui.andxLiv. 9.994750 

— — — co-fine — 9.692264 

— — — co-fine — 9 998884 


19.685898 

— — — fine — 9.842949 

— — — co-fine — 9.474067 

— — — co-fine — 9.983632 


19.457699 

— — — fine — 9.728849 


When the difiance is given in degrees, minutes, and feconds, and 
the computation performed by means of the common log. tables, it 
will facilitate the practice, to omit the feconds till the operation is 
finished, and then add them to the computed diftance. It may alfo 
be obferved, that if the unit figure in the minutes of the fum of the 
apparent altitudes and difiance be an odd digit, it will be proper to 
increafe that fum by one minute; and in this cafe, the complement 
of the omitted feconds to 60" muft be deducted from the computed 
difiance. 

Example. 

Let the apparent altitude of the Sun’s center be 27 0 43', that of 
the Moon’s 46° 18', the apparent diftance 54 0 57' 35", and the 
Moon’s horizontal parallax 59' 33". Required the true diftance? 

Sum 
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Sum of apparent altitudes=74° i' o" 
,, . Correction of i>’saltirude=:-f 40 14 

Correction of q ’$ altitude=— 1 40 

App. diftance— 3 5 "=54° 57' 

Apparent altitude ]) 46 18 Sum of true altitudes — 74 39 34 

Apparent altitude © 27 43 Half fum true altitudes 37 1947 

Sum — — 128 58 Log.difF. tab. xlii. xliii. = 9.994^30 

Half — — 64 29 — — — co-fine — 9.634249 

Difference — — 932— __ co-fine — 9.993960 

Halffum true altitudes 3 7 19 47 • 19.622939 

Arc — — 40 22 4j — — fine — 9.811469 

Sum — 77 42 32 — — co-fine — 9.328132 

Difference — 3 2 58 — — co-fine — 9.999384 

19.327516 

27 27 20 — — fine — 9.663758 

Computed diftance 54 54 40 
Seconds omitted — 4- 35 

True diftancc — 54 55 15 

The two preceding methods, being derived from the firft general 
principle, are ftriCHy accurate; the rules are alfo eafily remembered, 
upon account of tho uniformity of the mode of calculation. In order 
to illuftrate the fecond general principle, the following method is 
fubjoined, which, though only an approximation to the truth, will 
generally give the true diftance within a few fcconds. 

Method III. 

Of reducing the Apparent to the True Difiance. 

Rule. 

To the log. co-tangent of half the fum of the apparent altitudes, 
add the log. tangent of half their difference, and the log. co-tangent 
of half the apparent diftance} the fum will be the log. tangent of 
arc JirJl. * 

If the Moon’s altitude is greater than that of the ftar, the fum of 
arc firft and half the apparent diftance will be arc fecond, and their 
difference arc third; but if lefs, the difference is arc fecond, and 
fum, arc third. Now find the refraction correfponding to the com- 
plements of arc fecond and third, and their fum, if arc firft is lefs 
than half the apparent diftance, otherwife their difference, will be 
the firft correction of diftance, being always additive to the apparent 
diftance. 

To the log. co-tangent of arc third, add the log. co-fecant of the 

Q 2 Moon’s 
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Moon’s altitude corrected by refraction, and the prop. log. of the 
Moon’s horizontal parallax; the fum will be the prop. log. of the fe- 
cond correction, which is additive, when arc firlt is greater than half 
the diftance, the Moon’s altitude at the fame time being greater than 
that of the ftar. . In ever)' other cafe, this correction is fubtraCtive. 

Take from table xxii. the numbers anfwering to the fupplement of 
twice the diftance, and the parallaxes in altitude* and diftance; half 
the*difference of thefe numbers is to be added to, or fubtraCted from 
the corrected diftance, according as it is lefs or grea'er than 90°, and 
the true diftance between the Moon and a ftar will be obtained. 

But if the objeCt with which the Moon is compared be the Sun, 
another correction, depending on the parallax of that objeCt, is ne- 
cdfary. This may be found by an operation fimilar to that em- 
ployed for computing the fecond correction, by ufmg arc fecond, 
the Sun’s altitude and horizontal parallax; or find the parallax an- 
fwering to the complement of the Sun’s altitude. Now, in the 
travcrle table, the departure, correfponding to the above parallax 
found in a latitude column, arc fecond being taken as a courfe, will 
be the effeCt of the Sun’s parallax in diftance, which is to be ap- 
plied with a contrary ftgn to part firft of the firft correction. 

Example. 

Let the apparent diftance between the Moon’s center and a ftar 
be 73 0 46' 14", the apparent altitude of the ftar 53° 48', that of 
the Moon’s center 20° 16', and horizontal parallax 09' 19". Re- 
quired the true diftance? 

Moon’s app. alt — : 20° 16' 

Star’s app. alt. = 53 4* 


Sum — 74 4 Half ~ 37° 2' co-tangent — — 0.1214 

Difference — 33 32 Half = 16 46 tangent — 9.4790 

Apparent diftance 73 46 14 Half = 36 33 co-tangent — — 0.I247 


Firft correflion -f- 2 10 Arc firft = 28 1 tangent — — 9.7261 

Second correction — 43 48 Aicfcc»= 8 J2 com pit. 81 0 8' refraCt. ;= o 9" 


Corrected diftance 73 4 36 Arc third -.64 34 complt. 23.6 refraCt. = 2 r 

In table xxii. to fnp. twice dift. & firft correflion + 2 to 

par.inalt. 33' = t6 " Arcthird=64 34 co tangent — 9.6706 

par.indift. 44 =10 ]) ’salt. — ref. 20 14 co-fecant — 0.4614 

Difference 6 half 3 j’shor. par. 39' 19" P, L. — 0.482I 


True diftance 73 4 39 Second correft. 43 48 P. L. — 0.6318 

Be- 


• The parallax of the Moon in altitude may be found by the rule given in page 6a, 
Or it may be found with fufficient accuracy for this purpofe, by entering a traverfe 
table, with the Moon's altitude taken as a courfe ; and the difference of latitude, anfwer- 
ing to the horizontal parallax found in a diftance column, will be die parallax in Jautudc. 
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Becaufe, in this example, the altitude of the Moon is Iefs than that 
of the ftar, the difference between half the diftance and arc Arft is arc 
fecond, and their fum is arc third. Alfo, Ance arc Aril is lefs than 
half the diftance, the Aim of the refractions, anfwering to the com- 
plements of thefe arcs, is the Arft correction of diftance, being al- 
ways additive; And altho’ arc Rrlt is lefs than half the diftance, 
yet the Moon’s altitude being lefs than that of the ftar, the fecond 
correction is therefore fubtraCtive. The third correction is additive, 
becaufe the diftance is lefs than 90°. 

If the Moon had been compared with the Sun, the effeCt of the 
parallax of that objeCt in diftance fhould be found, and applied to 
the diftance previoufly corrected. Thus, in the preceding example, 
the Sun’s altitude corrected by refraction is 53 0 47'; hence its com- 
plement is 36' 13", and the parallax of the Sun in altitude anfwering 
thereto is 7", which being found in a latitude column, under 9 0 the 
fecond arc, the correfponding departure 1" is the effeCt of the Sun’s 
parallax in diftance; which is fubtraCtive, becaufe part Arft of the 
firft correction is additive. Hence, in this cafe, the true diftance 
•would be 73 0 4' 38". 

The Arft correction is liable to a fmall error, which arife3 from 
the aftumption of the refraCtion being as the co-tangent of the altitude. 

Method IV. 

Of reducing the Apparent to the True Diflance. 

This is performed by means of plate v.* and a circular piece of 
paper, whofe diameter is equal to that of the interior circle, (Ag. 
•2 6.) in which, a line is drawn from the center to the circumference, 
called the vertical or perpendicular. In the circle, Ag. 26. the alti- 
tudes and diftance of the objefts are to be found. The fcale. No. 
1. gives the principal effeCt of the Moon’s parallax in diftance, and 
the feales No. 4. and 5. exhibit the fecond correction of the Moon’s 
parallax. The effeCt of refraCtion in diftance is found by means of 
fcale No. 2. and that of the Sun’s parallax, by fcale No. 5. By this 
plate, the whole operation of Anding the longitude of a fhip may be 
performed. This will be explained afterwards. 

Rule. 

Set the vertical on the moveable circle to the zenith or 90°; lay 
a ruler over the given degree of the Moon’s altitude, and draw a line 
which will reprefent the Moon’s parallel of altitude; at the interfec- 
tion of this line with the vertical, put the character j . 

Then 

* This plate is a miniature (ketch of a large plate drav*U with the utmoft accuracf, 
by which the true diftance may be found within one or two feconds. It is intended to 
publifti this plate at as moderate an err pence as pcflible, immediately after the publi- 
cation of this work. 
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Then, fet the vertical to the apparent diftance of the objefts, and 
draw a line from the center to the zenith; draw alfo the parallel of 
altitude of the Sun or liar. At the interfeCtion of thefe lines put 
the character * , and at that of the two parallels, let the character 
© be marked. 

Now the interval O D being applied to the line reprefenting the 
Moon’s horizontal parallax, in fcale No. i. will give the principal , 
effeCt of the Moon’s parallax in diftance; and to the fcale No. 2. 
on the line expreffing the Moon’s altitude, will give the effect of the 
Moon’s ref ration in diftance. The firft of thefe corre&ions is ad- 
ditive, when © is to the right of l) , and the fecond fubtraCtive. 
The contrary rule is to be applied, when © is to the left of d . 

Apply the interval © * to the line reprefenting the altitude of the 
ftar, fcale No. 2. and the correction depending on the liar’s refrac- 
tion will be known. If the object with which the Moon is compar- 
ed be the Sun, then the above extent being applied to the fcale No. 3. 
will give the effeCt of the Sun’s parallax. The lirft of thefe correc- 
tions is additive or fubtraCtive, according as © is to the right or left 
of * . The other correction is to be applied with a contrary fign. 

With the Moon’s apparent altitude and horizontal parallax, find 
the parallax in altitudef. Now from the fcale No. 4. take the in- 
terval between the parallaxes in altitudes and diftance, on the line; 
reprefenting the djftance, which being applied to the fcale No. 5, 
will give the final correction of diftance, which is additive when the 
diftance is lei's than 90°, otherwife fubtraCtive, 


Example. 


Let the apparent diftance between the fun and moon be 68° 35' 
40”, the apparent altitude of the moon 30° 44', that of the fun 33** 
31', and the moon’s horizontal parallax 59 0 17'. Required the true 
diftance ? 

The parallel of altitude and the Sun’s vertical being drawn, and 
the points of interfeCtion marked, as directed, the meafures from 


the feveral feales will be as follow : 

Apparent diftance 68° 35’ 4 olf 

Interval 0 j> applied to fcale N°- 1. gives — 23 17 

N°- 2. + 44 

Interval q * applied to fcale N°- 2. gives + 34 

N°- 3. - 3 

Interval from fcale N°- 4, between 51' and 23',! 

the parallaxes in alt. and dift. applied to fcale f + 7 

N°* 5, gives — — — — 3 


True diftance 


68 13 45 

In 


f See note, fage 116. 
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In the methods hitherto given, for correcting the apparent diftance 
between the Moon and the Sun, or a fixed ftar, the figure of the 
Earth has been fuppofed fpherical ; but it has been formerly men- 
tioned, that the figure of the Earth is that of an oblate fpheroid ; 
and fince the neceflary obfervations are taken on its furface, it is 
hence evident, that a farther corredlion is neceffary, upon account 
of the deviation of the Earth’s figure from a fphere. This correc- 
tion may be computed by a fluxional equation, and applied to the 
true diftance found as formerly; but the moft natural method for 
cffefling this, is that of previc. fly reducing the altitudes to thole 
■which would have been obferved, if the figure of the Earth had 
been fpherical, and adapting the Moon’s horizontal parallax to the 
latitude of the place of obfervation. 

Therefore, in order to obtain the true di fiance, the apparent alti- 
tude of each objeft’s center mu ft be correfted by the quantity from 
table xxvi. anfwering to the azimuth of the objefl, and latitude of 
the place of obfervation. The equatorial horizontal parallax of the 
Moon, as given in the Nautical Almanac, muft be diminifhed by the 
equation from table xxxii. anfwering to th^latitude. Now, with 
thefe quantities thus adapted to a fpherical Earth, and the apparent 
difiance, the true difiance is to be found by any of the methods given 
for that purpofe. 

Example. 

Let the apparent diftance between the centers of the fun and moon 
be 72 0 19' 40": the apparent altitudes of the fun and moon 25 0 11' 
1 and 19 0 22'.2 refpeftively. Azimuths i6°i and 95°^; the lati- 
tude of the place 57 0 9', and moon’s horizontal parallax per Naut. 
Aim. 56' 42". Required the true diftance ? 

O’s qp- »lt.=25° ii'i D ’s app. alt.=i9° 22'.2 tt’shor. par. =56' 42'' 
N°* tab. xxvi. + 12.7 N°- tab. xxvi. — 1.2 Red. tab. xxxii. — 1 o 


O’srcd.alt. 25 23.8 j’sred.alt. 19 21.0 j’srcd.par. 5632 
2) ’s red. alt. 19 21.0 


Difference 6 2.8 = 6 ° 2' 48" 

App. dift. =72° 19' 40'' N. V. S. = 696429 

Diff. app. alt ! . 6 2 48 N. V.S.= 5563 Log. diff. 9.997812 


Corr. j’salt. — 50 40 690866 — log. — 5.839394 


Corr. q’s alt. — 152 687395 — log. — 5.837206 

Diff. true alt’. 5 10 16 N. V. S. = 4070 
True diftance 72 1 44 N.V.S. = 691465 

When 
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When the greatcft precifion is required, the mean refraftion, as 
given in table vi. muft be reduced to the true refrafbion, by applying 
the change anfwerable to the Hate of the barometer and thermome- 
ter, from table vjii. The true diftance between the obferved limbs 
of the objefbs fhould be computed ; for this purpofe, the altitudes 
of thofe points of the limbs which were oblerved in contafb,* and 
the corrected refrafbions anfwering thereto, ought to be employed. 
To which diflance, the apparent femidiamcters of the objefbs being 
applied, will give the true central diftance. 

The difference of altitude between .the center of the objefb, and 
the point of contafb may eaflly be eftimated, or it may be found by 
firft computing the angle at its center, contained between the di- 
ftance and vertical diameter; and the co-fine of this angle, will be the 
difference of altitude, the femi-diameter of the objefb being radius. 

The contraction of femidiameter is contained in tablexxxi. the argu- 
ments of which are, the apparent altitude of the objefb, and the angle 
at its center contained between the diftance and vertical diameter. 

^ Problem II. 

To find the Time at Greenwich, anfiwering to a given Difiance between 

the Moon and the Sun, or one of the Stars ufid in the Naiit. Almanac. 

Rule. 

If the given diftance is found in the Nautical Almanac, in either 
of pages viii. ix. x. xi. of the month, oppofite to the given day, or 
to that which immediately precedes or follows it ; the time is found 
at the top of the page. But if this diftance is not found exafbly in 
the ephemeris ; then, fubtrafb the prop. log. of the difference be- 
tween the two contiguous diftances, one of which being greater, 
and the other lefs than the given diftance ; from the prop. log. of 
the difference between the given and preceding diftances, the, re- 
mainder will be the prop. log. of the excefs of the time, above that 
anfwering to the preceding diftance ; hence, the apparent time is 
known. 

Example. 

5 September 21,1 792, the true diftance between the centers of 
the fun and moon was 68° 13' 8". Required the apparent time at 
Greenwich ? 

Given diftance =68° 13' 8" 

Dift. at ix hours = 67 53 27 Differ. = o° 19' 41" P.Log. = 96i2 
Dill, at xii hours = 69 30 6 Differ. = 1 3639 P. Log. = 2701 

Excefs — — — o 36 39 P. Log. 6911 

Preceding time — — 900 

Apparent time at Greenwich 9 36 39 
** CHAP. 
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♦ C H A P. V. 

Of finding the Longitude at Sea or Land , by Lunar Obfervaiioni. 

I 

Problem I. 

The Latitude of a Place, and its Longitude by account, being given, toge _ 

ther with Defiance between, and the Altitudes of the Moon and the 

Sun, or one of the Stars in the Nautical Almanac — to find the correct 

Longitude of the Place of Obfervation. 

Rule. 

Reduce the eftimate time of obfervation to the meridian of Green- 
wich by prob. in. page 73. To this time, take from the Nautical 
Almanac, page vii. of the month, the Moon’s horizontal parallax 
and femidiameter. Increafe the femidiametcr by the augmentation 
from table xxx. anfwering to the Moon’s altitude. 

Find the apparent and true altitudes of each objefl’s center, and 
the apparent central diftance, with which let the true dill a nee be 
found, by any of the methods given' for that purpofe, and find the 
apparent time at Greenwich anfwering thereto, by the laft pro- 
blem. 

If the Sun or liar be at a proper dillancc from the meridian* 
when the diftance was obferved, compute the apparent time at the 
fhip. If not, the error of the watch may be found from obler- 
vations, taken either before or after that of the diftance. Or, the 
apparent time may be inferred from the Moon’s altitude, by prob. 
ix. page too. 

The difference between the apparent times of obfervation at the 
fhip and Greenwich will be the longitude of the (hip in time, which 
is eaft or weft, according as the time at the fhip is later or earlier 
than the Greenwich time. 

Examples. 

March 17, 1792, in latitude 34 0 53' N. and longitude 27 0 W. 
by account i about 9h. A. M. the diftauce between the neareft 
limbs of the Sun and Moon was 68° 3!', the altitude of the Sun’s 
lower limb was 38“ 18', the altitude of the Moon’s upper limb 

3 1 0 3', and the height of the eye 1 2 feet. Required the true lon- 
gitude of the fhip? 

R Tim* 
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Time at fhip - - = 9I1. o' A. M. 
Long, in time = 1 , 48 

Eft. time at Green. 10 48 A.M. 

Alt. J’s up. limb=3i 3 
Semidiumeter — 16.3 

Dip — - 3-3 

App. alt. 5 ’scent. 30 43.4 
App.alt. ©’scent. 33 30.8 

Diff. app. altitudes 2 47.4 
App. diftance — 68° 35' 40" N 7 
Diff. app. alt. — 2 47 24 N. 

Cor. d ’ s alt. — 49 2 6 Dii 


Dift. © & i) ’s near. I. 68° 3' 15" 
Sun’s femidiameter 4- 16 6 
Moon’s femidiam. + 16 10 
Augmentation, 4- 9 

App. central diftance 68 35 40 
Alt. o’s lower limb 33 18 
Semidiameter — 4- 16.1 
D!p — - 3-3 

App. alt. O’s center, 33 30.8 
.S. = 635033 

.S. = 001185 log- diff 9-996 335 
:r. = 633848 — log. 5.801985 


Cor. q’s alt. — 1 18 N.N°.= 628521 5.79832© 


Diff. true altitudes 1 56 40 N.V.S.= 000576 


True diftance — 68 13 43 V. S. = 629097 

Dift. at xxi. hours 69 11 20 Differ. = 0I1. 57' 37" P. L. 4947 

Dift. at noon — 67 32 38 Differ. = 1 38 42 P. L. 2610 

Excefs — — 1 45 6 P. L. 2337 

Preceding time, — 21 

Apparent time at Greenwich 22 45 6 

Sun’s apparent alt. 33 0 3o'.8 
Corre&ion — — 1.3 


Sun’s true altitude 33 29.5 

Sun’s polar diftance 90 57.9 — — — co-fecant 0.00006 
Shipps latitude — 34 53.0 — — — fecant - 0.08602 


Sum — 159 20.4 

Half — 70 40.2 — — — co-fine - 9.25362 

Difference — 46 10.7 — — — fine — 9.85824 


19.19794 

23 24 — — — - fine — 9.59897 

8 


Sun’s mer. dift. 3 7 12 Hence ap. time is 2011.52' 48" 

Ap. time at Green. 22 45 6 

Longitude in time 1 52 1 8=28*4 PW. 

No- 
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November 4, 1791, in latitude 41°. 7' S. and longitude 176° W. 
by account; about half part three, the following obfervations were 
made, the height of the eye being 14 feet. Required the drip’s true 
longitude? 


I Dift. near. 

I.O& » I Alt. 

P ’supper limb 1 Alt.©'* 

1. limb. 

Eftim. time 311.30' 

*»5° 

49 

IG " 

— — 

2l v o' — — 38° 3c/ 

Lon . in time II 44 W. 


5° 

O 

— — 

20 38 — — 38 

51 



5« 

O 

— — 

20 15 — . — 39 

>3 

Red. time 15 14 


51 

SO 

— — 

'9 53 — — 39 

34 



53 

0 

— — 

19 30 — — 39 

55 



5 

0 

— 

76 — — 

63 

Mean — — 

115 

J* 

0 

— — 

20 IJ.2 — 39 

116 

Sun’s femidirmeter 

+ 

16 

12 

Scmidiamcter — rt.6 Scmidia. 4- 

16.2 

Moon’s femidiameter 

+ 

15 

30 

Dip • - 

- — 3.6 Dip - — 

3-6 

Augmentation • - 

+ 


6 







— 

— 

App. altitude 19 56.0 App. alt. 39 

25.2 

Apparent diftance - 

116 

22 

48 

N. V. S. = 

14443*3 


Diff. apparent altitudes 1 9 

29 12 

N. V. 5. = 

0572S1 Log. diff. 9.9977*3 

Correction Moon’s alt. — 

50 *4 

Diff. = 

1387041 Log. — 5.141090 

Correction Sun’s alt. 

— 

I 

2 

N. No. = 

1379788 — — 5.139813 

DifF. true altitudes — 1 8 

37 

16 

N. V. S. = 

: 5*349 



True diftance — 115 35 49 N. V. S. = 1432137 

Diftance at xv. hours 115 31 50 DifF. = o 4 19 

Diflance at xvm. hours 117 1 7 DifF. — 1 29 37 

Proportional part — — o 8 40 

Preceding time — — Ij o o 

Apparent time at Greenwich, — Ij 8 40 
Sun’s apparent altitude — 39* 25 'a 
Correction, — — 1.0 


— . P. L. I.ijor 
— P. L. 0.3029 


— P. L. 1.317a 


Sun’s true altitude — 39 24.1 

Sun’s polar diftance — 74 20.4 — — — co .front 0.01643 
Ship’s latitude — 41 7.0 — — — fecant - 0.12299 


Sum — — 134 51.6 

Half — — 77 25.8 — _ — co-fine - 9-3377* 

Ditference — — 38 1.6 — — — fine — 9.7X960 


19.16674 

25 27.7 — — — fine — 9.63337 
8 


Apparent time at fiiip 3 23 41 
App. time at Greenw. 15 8 40 


Longitude in time — it 44 59 » 76? 14J' W. 


R a 


Sep- 
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September i, 1792, in latitude 13 0 57' N. and longitude by ac- 
count 56° E. the following obiervations were made, the height of 
the c ,e being 13 feet. Required the (hip’s true longitude? 

'I ime per watch | Did. D & Altair | Alt. 5 ’s 1 . limb | Alt. Altair. 


ih. J5' i"A.M. S8°43'3 o" 7 o° 52' 26° 25' 

16 55 — ' 44 20 — 44 — 25 57 

18 57 — 45 25 — 34 — 25 27 

21 o — 46 30 — 24 — 24 58 

23 2 — 47 25 — 12 — 24 30 

44 55 — > 3 ° — — 137 

1 18 59 — 58 45 26 — 70 33.2 — 25 27.4 

Long.=3 44 aug.fem.-j- 16 28femid. 4- 16.5 dip — 3.4 

dip 3.4 

Eft.time9 35 Cent.did. 59 1 54 ap.alt.25 24.0 

app.alt. 70 46 3 yo 46.3 


Apparent didance = 59" 1' 54 7 N.V.S.=485436 diff. 45 22.3 
Diff. app. altitudes = 45 22 18 N.V.S.=297495 log.diff.9.993082 

Correftion S’saJt.= 4- 19 15 Diff. = 187941 log. - 5.274021 

Refradlion * — = + 2 o N.N°- =184971 — 5.2(57103 

Difference true alt.= 45 43 33 N.V.S.=3oi907 

True didance — = 59 7 41 N.V.S.= 486878 

Did. at xx. hours =58 51 17 Diff. = o° 16' 24" P. L. 1.0404 

Did. at xii. hours = 60 24 34 Diff. = 1 33 17 P. L. 0.2855 

Proportional part — o 31 19 P. L. 0.7549 
Preceding time — 900 

ApparenttimeatGreenwich9 31 19 
Apparent alt. Altair=25° 24' 

Refradtion — =— 2 


True altitude — 

25 

22 


Polar didance — 

81 

40.2 — 

— — co-fecant 0.00461 

Latitude — 

>3 

57 — 

— — fecant - 0.01300 

Sum — — 

120 

59-2 


Half — — 

60 

29.6 — 

— — co-fine 9.69243 

Difference — 

35 

7.6 - 

— — fine — 9.75996 


19.47000 

32 
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32 54-3 — — — fine — 9.73303 
8 


Altair’s mer. dift. 4 23 

l 4 

Altair’s right afc. 19 40 

40 

Right afc. mer. - 0 3 

54 

Sun’s right afc. 10 46 

17 

Ap.timeatlhip 13 17 

37 

— atGreenw. 9 31 

37 


Longitude in time 3 46 o = 5 6 ° 30' E. 

As a fmall error in the altitude of an obje£t near the meridian 
may produce a confiderable error in the apparent time; and becaufe 
the altitude of a flar cannot always be fo accurately obierved as is 
neceflary for cftablifhing the apparent time; nor can the time, in- 
ferred from the Moon’s altitude, be depended on, unlefs its decli- 
nation and right alcenfion are reduced to the time of obfervation, 
by applying the equation of fecond difference — it therefore feems 
jnoft eligible to ufe the Sun for this purpofe. Hence, if this objeft 
is too near the meridian at the time of obfervation of the diflance, it 
becomes neceflary to obferve its altitude, when in a more proper 
fituation, either previous, or fubfequent thereto. Hence the error 
of the watch will be known, which being applied to the time of ob- 
fervation of the diftance, will give the apparent time of obfervation, 
agreeable to the meridian for which this error was determined. Or, 
if the change of longitude in time, between the meridians of the 
places where the oblervations were made for afeertaining the time 
and longitude, be applied to the above found apparent time, by ad- 
dition or fubtraffion, according as the (hip’s courfe made good has 
been in the eaftern or weftern quarter, the apparent time will hence 
be known, for the meridian of the place where the obfervations 
were made for determining the longitude. If the watch gains or 
lofcs confiderably, allowance muff be made for its rate in the 
above interval. 

October 17, 1786, in latitude 36° 12' S. and longitude, by ac- 
count, 48° 1 5' W. the following oblervations were taken in order 
to determine the error of the watch, the height of the eye being 
1 7 feet. 

Time 


f' 
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Time per watch. Alt. j ’s 1. limb, 
7°5i'io"A.M. — 28° 55'.o 



52 

40 

— 29 

12.5 


54 

17 

— 29 

32.0 


55 48 

— 29 

50.0 


57 

5 

— 3° 

5.0 


21 

O 


154-5 

Mean — 7 

54 

12 

Mean — 29 

3°-9 

Long.intime3 

'3 


Semidiam.-f- 

16.1 

Red. time 1 1 

7 


Dip - - — 

4.0 




Correction — 

i-5 




True alt. 29 

41.5 




Polar dift. 80 

35-5 




Latitude 36 

12.0 




Sum — 146 

29.0 




Half- 73 

14.5 




Difference 43 

33-o 




29 

5 8.t 





8 




O’smer. ■) 





dift. 5 3 59 45- 


colecant 0.00588 
fecant — 0.09315 


co-fine - 9.45990 
fine — 9.83821 


*9-397i4 


h ™ cea P-f 8h. o' 15'' 
time is 3 3 

Timcp.watch7 5412 


Watch flow - 6 3 

Towards noon, the following obfervations were made, the height 
of the eye being 1 6 feet. 


watch | 

Dift 

.©& 5’sn.l. | 

Alt. 

5’s 

u. 1. 

| Alt.o’s 

l.limb. 

nh.45' 

28" 

50? 48' 20" 

— 

29° 

1 15' 

6 2 C 

' 54' 

47 

13 

— 47 3® 

— 

28 

57-5 

— 6 2 

5 6 

48 

48 

— 46 50 

— 

28 

42 

— 62 

57 

5° 

34 

— 46 0 

— 

28 

24 

— 62 

57 

5 1 

52 

— 45 20 

— 

28 

1 1 

— 6 2 

58 

53 

27 

— 44 3° 

— 

27 

55 

— 62 

58 

297 

22 

38 30 


204.5 


4i 


Mean 
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Mean 1 1 49 34 
Error +63 


? 11 55 37 
time 3 33 i 1 


50 46 35 28 34.I 62 56.7 

fem. Q+ 16 7 femid. — 15.3 fem. + 16.1 
fem. 5 + 15 11 dip - — 3.8 dip - — 3.8 


augm. + 7 ap. alt. 28 15 ap. alt. 63 9 


Apparent central dirt. 51 18 2N. V.S.374765 

Difference app. altitudes 34 54 oN.V.S. 179848 log.diff. 9.9968 30 


Correction 2 ’s alt. — 47 26DHF. = 19491 7 log. - 5.289850 


Correction ©’s alt. — 25 N. N°. 193500 — 5.286680 


Difference true altitudes 34 6 9N.V.S.171965 


True diftance — 50 36 52 N.V.S.365465 

Diftance at 111. hours 50 38 39Diff. - o° l' 47'' P. L. 2.0040 
at vi. hours 49 12 44Diff. - 1 25 55 P. L. 0.3212 

Proportional part — — — o 3 44 P. L. 1.6828 

Preceding time — — 300 

Apparent time at Greenwich, — 3 3 44 

Apparent time at (hip — n 55 37 

Longitude in time — — 3 8 7 = 47 0 ij' W. 


V 


Augult 9, 1792, in latitude 63° 28' N. and longitude by account 
56° W. the following obfervations were made, in order to deter- 
mine the (hip’s correft longitude. 


Time per watch | Dirt. © & 5 ’si. 
nh. 3' 16" — 90° 2' 18" 
5 12 — 90 1 20 
7 20 — 90 o 13 
9 13 — 89 59 30 


61 3 21 


| Alt. 2 ’s u. 1 . | Alt. ©’s 1 . 1 . 

— 14° 3' “ — 4°“ S 2 ' 

— 14 16 — — 40 56 

_, 43I 41 1 

— 14 44 — — 41 5 


94 234 

Mean 
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Mean- nh.6'15" 90° o' 50" i4°23'.s 4o°58'.5 

hi'timc ^ 3 4 ^ o’sfem.-f 15 50 D ’sfem.— 1 5.2©’sfem.-|- 15.8 
Red.time 2 54 15 I ’sfem. + ij 10 dip - — 3.3 dip 3.3 

augm.J- 4ap. alt. 14 5 ap. alt. 41 ti 

Apparent central diftance 90 31 54N.V.S. 1009279 

Difference app. altitudes 27 6 oN.V.S. 1 09787 logdifF.9.998466 

Corrediion of J ’s alt. — 50 i3Diff. =899492 log. 5.953997 

Correftion of q’s alt. — 58 N. N°. 896320 — 5.952463 

Difference true altitudes 26 14 49N.V.S. 103103 

True diftance — 8958 1 N.V.S. 999423 

Diftance at noon — 91 22 48 Diff = i° 24' 47" P. L. 3270 

Diftance at in. hours — 89 57 12 Diff. = 1 25 36 P. L. 3228 

Apparent time at Greenwich — — : 2 58 17 P. L. 0042 

Since the apparent time at the (hip cannot be inferred with fuffi- 
cient accuracy from the Sun’s altitude, taken at the fame time with 
the diftance, becaufe of the proximity of that objedl to the meridian; 
the following altitudes of the Sun were therefore obferved in the af- 
ternoon, the fit ip’s latitude reduced to that time being 63° 13' N. 
and height of the eye 1 3 feet. 


Time per watch = 3(1. o’ 44" Alt. q’s 1 . 1 . 33 0 1' 

— — 1 28 — — 32 53 

— — 2 20 — — 32 43 

_ — 3 o — — 32 36 

— — .35°— — 32. 26 

11 22 219 

Mean — 3 2 16 — 32 43.8 

T.p.w.ofob.dift.i 1 6 1 5 Sun’s femidia. 4- 15.8 

Interval — 3 56 1 Dip - - - — 3.4 

AP ofobli G dift . n '] 2 5 3 17 Correflion - 1.3 


Ap. t. at Green. ~) , „ c , „ . 

ofobf. alt. 5 6 54 18 Suns true alt. 32 54-9 

Sun’s 
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Sun’s alt. 3 2 0 5 4'. 9 

Polar dift. 74 28.1 — co-fecant 0.01616 

• Latitude 63 13.0 — fecant - 0.34619 

Sum — .170 36.0 

Half — 85 18.0 — co-fine 8.91349 

Difference 52 23.1 — fine - '9.89880 


19.17464 

22 44.8 — fine - 9.58732 

8 * 


Apparent time at fhip — 3 x 58 

Apparent time at Greenwich 65418 

Longitude in time — — 3 52 20 a 58° 5' W. 

Problem II. 

To find the Longitude of a Place , by means of Plate V. 

Rule. 

Reduce the apparent to the true diftance, by the rule given for 
that purpofe in page 1 1 7. 

Draw a line over the Moon’s relative motion in three hours, found 
in the fide fcales N 0, 7. Take the difference between the true and 
preceding diftances from the fcale N°- 9, and lay it off on the above 
line from the right hand} then a line drawn from the upper right 
hand corner thro’ this point, and produced, will give the propor- 
tional part on the fcale of hours N°. 8, which being added to the 
preceding time, the fum will be the apparent time at Greenwich. 

Put the vertical to 90 0 , and draw the parallel of declination, and 
put m at the interfedfion of thefe two lines; then put the vertical to 
the latitude of the place found in the quadrant to the right, and 
draw the parallel of altitude of the objeft, and at its interfedfion 
with the parallel of declination put the charadler *. Now the in- 
terval between to*, being meafured on the parallel of declination 
fcale N?- 10, will give the time from noon or midnight, according 
as * is to the left or right of to. Hence the apparent time at the 
place of obfervation will be known; the difference between which, 
and the time at Greenwich, will be the required longitude in time. 

Example. 

In latitude 39 0 32'S.long.by account 1 15 0 W. July 8, 1786, about 
three quarters part xi. P. M. the diftance between the Moon’s re- 
mote limb and Fomalhaut was 69° 43$', the altitude of the Moon’s 

S upper 
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upper limb 66 ° 38', that of the ftar 43° 7', and height of the eye 
20 feet. Required the true longitude? 

Eftim. time Ilh. 45' DM- 5 & * 69° 43 ' 1 S" Alt. 1 > “• •• 66" 3 &' Alt. 4; 43° ?' 

Long, in time ? 40 Moon’s fern. — tj 10 Moon’s fem.— 13.3 Dip - — 4.3 

Red. time - 19 *5 App. dift. 691755 Dip — - — 4.3 Ap. alt. 43 a.7 

App. alt. - 66 18.4 Refr. - — 1.0 

Tree alt. 43 t.J 

The vertical in the moveable circle, being directed to the zenith, 
and diftance, and the parallels of altitude drawn, the feveral correc- 
tions from the feales will be as follow: 

Apparent diftance — — 69° 27' 55" 


Interval between O ]> N°* 1. — — — 21 24 

— ■ — 2. — — 4- 24 

Interval between O * N°- 2. — — 4- 1 o 

Int. bet. par. in alt. and dift. feales 4. and 5. o 


True diftance — — — — 69 7 jj 

Now draw a line over i° 23' 38", the interval betv/een the pre- 
ceding and following diftances, in the fide feales N°. 7; take 38' 
23", the difference between the true diftance, and that which imme- 
diately precedes it, from the fcale N 0, 9, and lay it off from the 
right upon this line; and a line drawn from the upper corner to the 
right, thro’ this point, will interfeft the fcale N°. 8, in the point 
reprefenting ih. 32' 37", which being added to i8h. the time an- 
fwering to the preceding diftance, gives iph. 37" the apparent 
time at Greenwich. 

Direct the vertical to the zenith, and draw the parallel of the 
liar’s declination; then direct the vertical to the latitude, and draw 
the parallel of the ftar’s altitude ; now the interval between m * , be- 
ing applied to the parallel of declination*, on the fcale No. 10, will 
give 3b. 49' 40", the meridian diftance of the ftar, which fubtrafl- 
edfrom its right afeenfion 22h. 45' 49", the remainder i8h. 56'' 9" 
is the right afeenfion of the meridian, from which the Sun’s right 
afeenfion 7h. 14' 15" being fubtrafled, the remainder nh. 41' 54" 
is the apparent time at the Ihip — the difference between which, 
and 19I1. 22' 37'' the time at Greenwich, is 7!). 40' 43", the longi- 
tude in time, which reduced to degrees is 115 0 ioj'W. 

The fcale N°- 6. is intended to find the change of altitude an- 
fwering to a given interval of time, independent of the rule in page 

5f» 

* As the (lar’s declination is 30° 45', its parallel is therefore a little without the 
limits of the teale. This however can caliljr be ellimated. 
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55, and is therefore very convenient for reducing the altitudes to 
the time of obfervation of the diftance, when thel'e obfervations are 
made by the fame perfon. The change of altitude is found thus: 
Take the neareft diftance between the point of interfe<ftion of the 
latitude and azimuth, and the neareft horizontal line at the top of the 
fcale, and apply it to the fcale N°- 9, as often as there are minutes 
in the given interval, and the change of altitude will be known. 


CHAP. VI. 

Of finding the Longitude at Sea or Land , 

The necefiary data being, 

The obferved Difiance between the Moon and the Sun, or a Fixed Star, 
the Apparent Time, the Latitude of the Place of Obfervation, and itt 
Longitude by account. 

Introduction. 

T HE diftance between the Moon and a ftar, and the altitude of 
the Moon, may be very accurately obferved at the fame time, 
that the horizon under the ftar is fo indiftinft, as to render it im- 
poflible to obferve its altitude to any tolerable degree of accuracy. 
In this cafe, therefore, rather than lofe an opportunity of determin- 
ing the ftiip’6 longitude, when the diftance and altitude of the Moon 
only can be obferved, it will be proper to compute the true and ap- 
parent altitudes of the ftar. The remaining part of the operation is 
to be performed as ufual. At the time of obfervation of the diftance 
between the Sun and Moon, the horizon under one or both of thefe 
objects may be obfcured by fog, which is often the cale at the en- 
trance of the Channel, and in high latitudes; or the (hip may be 
clofe to the land, lo that it may not be fafe to make any allowance 
for dip. It hence becomes neceifary to compute the true and apparent 
altitudes of the objeffs. 

This method will alfo be found particularly ufeful at land, efpe- 
cially when the obferver is not provided with a proper artificial 
horizon. 

Problem I. 

Given the Apparent Time, at a known Place, to find the True and Ap- 
parent Altitudes of a known celcfiial Object. 

S 2 Rule. 
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Rule. 

Find the meridian difiance of the given objeft, which, in cafe of 
the Sun, is the interval between noon and the given apparent time. 
But if the object is the Moon or a flar, add the Sun’s right afcen- 
fion to the apparent time; the fum will be the right afcenfion of the 
meridian, the difference between which, and the right afcenfion 
of the objeft, will be its meridian difiance. 

To the log. riling,* anfwering to the meridian diftance of the ob- 
jett, add the log. cofines of the objedt’s declination, and of the lati- 
tude of the place of obfervation. Find the natural number anfwer- 
ing to the above fum, which being added to the natural verfed fine 
of the difference or fum of the latitude and declination, according as 
they are of the fame, or of a contrary name, will give the natural 
co-verfed fine of the true altitude of the objeft’s center. 

If the objeft is the Sun, the quantity from table x. anfwering to 
the true altitude, being added thereto, will give the apparent alti- 
tude. In the cafe of the Moon, take the reduflion from table xi. 
anfwering to its horizontal parallax and true altitude, which fub- 
trafled therefrom gives the apparent altitude. The apparent alti- 
tude of a Aar is found, by adding the quantity from table xn. anl- 
wering to its true altitude. 

Examples. 

I. Required the true and apparent altitudes of the Sun’s center 
24th AuguA 1792, at 4h. 26' 20" P. M. in latitude 46° 20' N. and 


longitude 30° W. ? 

Apparent time = 4h. 2 6 ' 20" Sun’s declination at noon io° 4 8'. 4 
Long, in time =2 00 Equation, table xni. — 5.6 


Reduced time = 6 26 20 Reduced declination 1042.8 

Apparent time 4 26 20 — Rifing — 4.78002 

Declination - 10 42.8 N. — Co-fine 9.99238 

Latitude — 46 20.0 N. — Co-fine . -■ ■■ 9.83914 


Difference — 35 37.2 N. V. S. = 18710 

M. N°- 40883 — — — 4.61 1 $4 


True altitude 23 jo o N.Co-v.S. J9593 
Equ.per t.x. = 4- 2 1 


Apparent altit. 23 52 1 

II. Re. 

* The log. rifing may be taken from table xvi. of the fecond ed. of the Requifite 
Tahiti. However, as that table does not extend beyond ix. hours, it may therefore 
be found in all cafes, as follows ; 

Reduce 
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II. Required the true and apparent altitudes of Regulus, March 
28, 1792, at nh. 34' 52" P. M. apparent time, in latitude 32° 14' 
S. and longitude 2 6 ° 40' W. ? 

Apparent time — nh. 34' 52" Apparent time nh. 34' 52" 

Sun’s right afcenfion o 33 19 Long, in time 1 46 40 

Right afc. of meridian 12 8 11 Reduced time 13 21 32 

Right afc. of Regulus 9 57 17 

Merid. dift. of Regulus 2 10 54 — Riling 4.20064 

Declination of Regulus 12 58 .5 N. — Co-fine — 9.98877 

Latitude 32 14 >o S. — Co-fine — 9-9273 > 

Sum 45 12 -jN.V.S. =29547 

N. N?- -- 13083 - 4.11672 

True altitude — 35 o 31 N. Co-v.S. =4263* 

Equation, table xii. = + 1 21 

Apparent altitude - 35 1 52 

III. Required the true and apparent altitudes of the Moon, De- 
cember 25, 1792, at 1 oh. 40' 27'' P. M. in latitude 21? 28' S. and 
longitude 5 5 0 48' E. ? 

Apparent time ioh. 40' 27" Apparent time ioh. 40* 27/ 

Sun’s right afcenfion 18 21 o Longit. in time 3 51 12 

Right afc. of meridian 5 1 27 Reduced time - 6 49 15 

Moon’s right afcenfion 4 2121 


Moon’s merid. diftance o 40 6 — Rifing 3-18378 

Moon’s declination — 16 32 N. — Co-fine 9.981 66 

Latitude — 21 18 S. — Co-fine 9.96878 


Sum — — — 38 0 N.V.S. -= 21 199 

N. N°. = 1362 - 3.13422 


True altitude 50° 45' o N.Co-v.S. = 22561 

Equation, table xi. - - — 34 4® 

Apparent altitude — 50 10 22 

Prob, 

Reduce the meridian diftance to degrees, and the logarithm of the natural terfed 
fine anfwering thereto, will be the log. rifing. 
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Problem II. 

Given the apparent D'Jlance between the Moon and the Sun or a fixed Star, 
the apparent Time , the Latitude and Longitude by account; to find the 
true Longitude, 

Rule. 

, ! 

Compute the true* and apparent altitudes of each obj eft’s center 
by laft problem; with which and the apparent diftance, find the 
true diftance, and hence the apparent time at Greenwich as ufual. 
Then will the difference between the apparent time at the place of 
obfervation and Greenwich, be the longitude in time, which is weft 
or eaft, according as the time at the place is earlier or later than 
that at Greenwich. 

Examples. 

Auguft 23, 1792, in latitude 48° 54' S. and longitude by account 
25 0 40' W. at ih. 15' 18" apparent time, the diftance between the 
neareft limbs of the Sun and Moon was 68° 21' 20". Required the 
true longitude? 


Apparent time — 
Sun’s right alcenfion 

\ 

ih. 

1 5 ' 

18" 

Apparent tune — 

ih. 15' 18* 

io . 

12 

25 

Longitude in time 

- 1 42 40 

Right afeenfion mer. 

1 1 

27 

43 

Reduced time — 

■2 57 s» 

Moon’s right alcenfion 

14 

33 

53 



Moon’s mer. diftance 

3 

6 

12 

— — Rifing 

— 4-49455 

Moon’s declination - 

1 1 

10 

S. 

— - — Co-fine 

— 9.99170 

Latitude — — 

48 

54 

s. 

— — Co-fine 

— 9.81781 

Difference — 

37 

44 

— 

N.V.S. - 20913 





N.No. — 20140 

— • 4.30406 

True altitude — 

3 6 

7 

— 

N.Co-v.S. 41053 


Reduftion — - 


45 

48 

* 


Apparent altitude — 

35 

21 

12 




Sun’s 


* Tt is fufficient in mod cafes, to compute the true altitude to the neared minute ; 
but the reduction of altitude mult be taken out to tlx; neareft feccnd. 


> 
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Sun’s meridian diftance ih. 15' 18" 
Sun’s declination — 11 6.5 N- 

Latitude — 48 54.0 S. 


Sura — — 60 0.5 


Sun’s true altitude - 27 45 

Reduction — + 1 40 


Sun’s apparent alt. - 27 46 40 

Obferved diftance 68° 21' 20" 
Sun’s femidiam. + 15 53 

Moon’s femidiam. + 15 45 

Augmentation - + 8 


— — Riflng — 3.72829 

— — Co-fine — 9.99178 

— — Co-fine — 9.81781 

N.V.S. - 50013 

N.N°- - - 3450 _ 3.53788 

N.Co-v.S. 53463 


Appar. altitude of 3) 35° 21' 12’ 
Appar. altitude of© 27 46 40 


DifF. of app. alt. — 7 3432 


Appar. diftance 68 53 6 N.V.S. 639759 

Diff. app. altitudes 7 34 32 N.V.S. 008728 Log. diff. 9.995947 


Moon’s true alt. 36 7 DifF. - 631031 Log. — 5.800051 

Sun’s true altitude 27 45 N.N 0 - 625170 — — 5.795998 

— N.V.S. 010643 

Diff. true altitudes 8 22 , 

True diftance — 68 38 33 N.V.S.635813 

Diftance at noon 67 6 52 Diff. i° 31' 41" — — P. L. 2930 

Dift. at hi. hours 68 39 55 Diff. 1 33 3 — — P. L. 2866 


Apparent time at Greenwich, 2 57 22 — — P. L. 0064 
Apparent time at place of obf. 1 1518 


Longitude in time — — 1 42 4 = 25 0 31' W. 

June 20, 1791, in latitude 8o° 37' N. and longitude b7 account 
1 7 0 30' W. at 14I1. 6' 48" apparent time, the diftance between the 
neareft limbs of the Sun and Moon was 1 1 5 0 14' 52" the apparent 
altitude of the Sun’s center 15 0 28^'. Required the true longitude ? 

Apparent time, - 14 0 6' 48" App. alt. Sun’s center 15 0 28/ 20.Y 
Longitude in time 1 10 oW. Correction — — 3 16 

Reduced time — 15 16 48 True alt. Sun’s center 15 25 4 

Apparenttime - 14 6 48 Obf. dift. ©& s ’slim. 1 15 14 52 

Sun’s right afcen. 5 58 12 Sun’s femidiameter - + 15 47 


Right 
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Right afeen. mer. 20 5 0 

Moon’s right afc. 22 17 54 

Moon’s aug. femidiam. . + 1543 

App. central diftance -113 46 2 2 

Mer.diftanceof 5 2 12 54 
Moon’s declination 6 54 — S. 
Latitude — 80 38 — N. 

— Rifing — 

— Co-fine — 

— Co-fine — 

- — 4-21345 
' — 999699 

- ~ 9 - 2”53 

Sum — 87 22 

N.V.S. - 95406 
N. No. --02642 

342197 

Moon’s true altitude 1 7' 6 ” 

Reduction, tab. xi. — 30 1 

N.Co-v.S. 98048 


Moon’s app. altitude 0 37 5 
Sun’s app. altitude 13 28 20 

— Secant — 

— Secant — 

— 0.0000253 

— 0.0160311 

Difference 14 51 15 

App. diftance - 1 13 46 22 

N.V.S. - 033418 
N.V.S. - 1434803 


Moon’s true alt. 176 
Sun’s true altitude 1 3 25 4 

1401385 Log. 6.1465574 

— Co-fine — — 9.9999173 

— Co-fine — — - 9.9840829 

’Difference — 14 17 58 

N.V.S. - 030981 
1401567 

— 6.1466140 

True diftance - 1 13 37 46 
Dift. at xv. hours 1 13 46 22 
Dift. at xvm. h. 114 14 56 

N.V.S. 1432548 
Diff. - o° 8' 36" 
Diff. - 1 31 26 

P. L. 1.3208 
P. L. 0.2942 

Proportional part — 
Preceding time — 

0 16 56 — — 
15 00 

P. L. 1.0266 


App. time at Greenwich 15 16 56 
App. time at fbip — 14 6 48 

Longitude in time — 1 10 8=17° 32' W. 

The logarithmic difference in table xlii. is not carried lower 
down than 3 degrees; therefore as theMoon’s altitude in the preced- 
ing example is lefs than that quantity, an operation for clearing the 
apparent diftance is ufed, which differs in part from that formerly 
given. This difference is however obvious on infpettion. 

CHAf. 
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CHAP. 


VII. 


A New Method* of finding the Longitude and Latitude of a Ship 

at Sea. 

Introduction. 

I N the preceding methods of finding the longitude at fca, the ne- 
ceffary elements, befide the obfervations, are, the latitude of the 
fhip, and its longitude by account, together with the time at the Ihip 
nearly. It may however happen, that the latitude is not accurately 
known; hence the apparent time at the fhip cannot be computed, 
and confequently the (hip’s longitude will remain unknown. To 
obviate this, the following method was invented, wherein neither 
the latitude, longitude, nor time, are required as necefTary data, 
but are found dire&ly from the fame fet of obfervations. 

Problem. 

The Apparent Difiance between the Moon and the Sun or a Fixed Star, 
together with the Altitude of each being given, to find the Latitude and 
Longitude of the Place of Obfervation. 

Rule. 

Take the femidiameters of the Sun and Moon, and the Moon’s 
horizontal parallax, from the Nautical Almanac for the noon of the 
given day, and let the Moon’s femidiameter be increafed by its aug- 
mentation from table xxx. 

Reduce the oblerved altitude of each objedl’s limb to the apparent 
central altitude, and find the corredtion of altitude anfwering to 
each; from whence, and the central diftance of the objedts, com- 
pute the corredt diftance as formerly, and find the correfponding 
time at Greenwich. 

To this time, let the Moon's femidiameter and horizontal parallax 
be again taken from the Nautical Almanac, and find the fum of the 
corredtions of the altitudes of both objedts. Then to the ar-co-P. L. 

T of 

• This method was tranfmltted to Dr Maflcelyoe* fcveral years after the author did 
covered it ; in conlequcncc of which, lie received a letter from Dr Maficelyne, dated 
Royal Obfervatory, Greenwich, May 22, 1787, from which the following is extrafted. 

u I.aH Sunday fe’night, a psperof yours was left with me, intitled, A Nevt Me* 
tboi of finding the Longitude and Latitude of a Ship at Sea , which ( was defired to pre- 
lent to the Board of Longitude, if I thought it delerviiigof that honour. 1 (hall be rea- 
dy to prefent it to the Board at their next meeting, as l think it ingenious, and that 
you might reap the credit you deferve. Your method of correcting the errors arifing 
from a wroeg aflumption of hoi izontal parallax of the Moon and femidiameter, are 
indeed ingenious, and your modes of calculation for finding the latitude, time, and lon- 
gitude, arc neat.” 
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of the fum of the cftimate corrections, add the P. Log. of the fum 
of the true corrections, and the P. Log. of the difference between 
the apparent and computed diftances; the fum will be the P. Log. 
of the correction of diftance — which correction, together with the 
change of the Moon’s femidiameter, between noon and the Green- 
wich time of obfervation, being applied to the apparent central dift- 
ance, will give the true diftance-, from which, the apparent time at 
Greenwich is to be re-computed.* 

From the N. V. fine of the zenith diftance of the objeCt neareft 
the meridian, fubtraCt the N. V. fine of the difference between the 
true diftance, and the zenith diftance of the other objeCh To the 
log. of the remainder, add the log. co-fccants of the two laft quan- 
tities; the fum of thefe rh. ee logs, being found in column of rifing, 
gives arc firji. 

From the N. V. fine of the polar diftance of the objeCt neareft the 
meridian, fubtraCt the N. V. fine of the difference between the true 
diftance, and the polar diftance of the other objeCt ; to the log. of 
the remainder, add the log. co-fecants of the two laft diftances j, 
the fum, being found in column of rifing, gives arc fecond. The 
difference between arcs firft and fecond is arc third. 

Take the log. of arc third from column of rifing, to which add 
the log. fines of the zenith and polar diftances of the objeCt fartheft: 
from the meridian ; fubtraCt the natural number anfwering to this 
i'um, from the N. V. fine of the difference between the above zenith 
and polar diftances; the remainder will be the coverfed fine of the 
latitude of the place of obfervation. 

Take the log. of arc third from column of half elapfed time, to 
which add the log. co-fine of the latitude, and the log. co-fecant of 
the zenith diftance of the objeCt fartheft from the meridian ; the fum 
being fouod in column of half elapfed time, gives the diftaftce of that 
objeCt from the meridian at the time of obfervation. 

Now, if the objeCt whofe meridian diftance is computed, be the 
Sun, the apparent time at the fhip will be known — the difference be- 
tween which, and the Greenwich time, will be the longitude of the- 
fhip from Greenwich. But if that objeCt is a ftar, or the Moon, let 
the right afeenfion of the meridian be found, by applying the object’s 
meridian diftance to its right afeenfion, reduced to the Greenwich 
time of obfervation, by addition or fubtraCtion, according as it is to 
the weft or eaft of the meridian ; from which fubtraCt the Sun’s right 
afeenfion, and the remainder will be the apparent time, at the fhip. 
Now the difference between the apparent times of obfervation at the 


* If the difference between tbe computed and true diftances is a very fmall quantity, 
the difference between the approximate; and- the apparent time at Greenwich, expref- 
Itd in fcconds, will be nearly equal to twice the number of feconds in that quantity. 
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fliip, and Greenwich, will be the longitude of the fhip in time; 
which is eaft, if the time at the fhip is later than at Greenwich, but 
weft if earlier. 

Remark. If the object from which the time at the fhip is infer- 
red, be the Moon, or a liar, and its altitude imperfeiftly oblerved, it 
will be proper to take altitudes of the Sun for that particular purpofe, 
either previous, or fubfequent to the oblervations for the longitude. 
In tills’ cafe, the computed latitude muft be reduced to the place of 
obfervation of the Sun’s altitude, by applying thereto, the change of 
latitude in the interval between the obfervations ; and the lon- 
gitude found by the companion of the time thus computed, with the 
Greenwich time, will be that of the meridian of the place where the 
cbfervations for the apparent time were made. 

Examples. 

Being in fouth latitude © June 24, 1792, in the afternoon, the 
diftance between the neareft limbs of the Sun and Moon was 55° 
48' 34", the altitude of the Moon’s lower limb 43 0 23', that of the 
Sun’s 1 7 0 40', and the height of the eye 12 feet. Required the 
latitude and longitude of the place of obiervation ? 

Obf.dift. n.l.55°48'34"Alt. j’sl.l.43°23' o" Alt. p’s 1 . 1 . i7°4o' o* 
©’s femidia. 4- 15 47 Semidiam. 4-15 7 Semidiam. 4- 15 47 

j’s femidia. 4- 14 58 Dip - - - — 318 Dip 318 

Augment. - + 9 Appar. alt. 43 34 49 Appar. alt. 17 52 29 

Ap.cent.dift. 36 1928 Correftion 4- 3847 Correftion — 247 

True alt. 44 13 36 True alt.- 17 49 42 

1 Moon’s app. alt. 43 0 34' 49" 

Sun’s app. alt. - 17 52 29 

Difference — 23 42 20 N.V.S.098965 

Appar. diftance 56 19 28 N.V.S.445510 Log. diff. 9.995399 

Moon’s true alt. 44 13 36 Diff. - 3415545 Log. — 5.539760 

S-S 35159 

P. L. 7183 
P. L. 3349 

P. L. 3834 
Pro- 


Sun’s true alt. - 17 49 42 N. N°* 342893 — 

Difference — 26 23 54 N.V.S. 104276 

Computed dift. - 56 26 19 N.V.S.447169 
Dirt, at m. hours 5 5 51 53 Diff. o° 34' 26 — 

Dift. at vi. hours 57 15 18 Diff. 1 23 25 — 

Proportional part — — 1 14 27 — 

T 2 
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Proportional part — — i 14 27 — — P. L. 3834 
Preceding time — — 300 

Approximate time at Greenw. 4 14 27 
The Moon’s hor. par. at the Greenwich time is 54' 59". Now the 
Ertimate C 38' 47" True corr £ 3 8 ' 5 1" App. diftance 5 6 ° 19' 28" 
corredhons ( 2 47 ' £ 2 47 Comp. dift. 56 26 19 

Sum — 4 ‘ 34 Sum — 41 38 Difference - 651 

Sura of eftimate correftions — 41' 34" Ar-co-P. L. 9.3635 

Sum of true corrections — — 41 38 — P.L. 0.6358 

Difference between app. and comp. dift. 6 ji — P.L. 1.4196 

Difference between app. and true dift. 6 52 — P.L. 1.4189 

Moon’s iemid. at noon = 14' 58" 

— — at comp, time 14 59 

Difference — — 1 

Apparent diftance — — 561928 

True diftance — — 56 26 21 

The difference between the true and computed diftances being 
only 2", the error of the computed time will therefore be 4"; hence 
the apparent time at Greenwich is 4I1. 14' 31". Moreover the 
Moon’s true altitude will be 44 0 13' 41". 

True diftance - 56° 26' 21" — Co-fecant — — 0.07920 

Sun’s zen. dift. 72 10 18 — Co-lecant •— . — 0.02138 


Difference — 15 

43 57 

N.V.S. 03746 

Moon’s zen. dift. 45 

46 19 

N.V.S. 30248 



Diff. - 26502 — Log. — 4.42328 

Arc firft — 3h. 

12 39 

— Riling -i- — 4.52386 

True diftance - 56 

2 6 21 

— Co-fecant — — 0.07920 

Sun’s pal. dift. 1 1 3 

24 42 

— Co-fecant — — 0.03731 

Difference — 56 

58 21 

N.V.S. 45496 

Moon’s pol.dift.99 

13 0 

N.V.S. 116017 



Diff. - 70521 — Log. — 4.84832 

Arc fecond — 5 

42 9 

— Riling — — - 4.96483 

Arc third — 2 

29 10 

Arc 
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3 h 

Arc third — 2 

29 10 

— — Riftng — — 

4.31056 


Sun’s zen. dift. 72 

10 18 

— — Sine — — — 

9.97862 


Sun’s pol. dift. I T 3 

24 42 

Sine 

9.96269 

it 

ill 

Difference — 41 

14 24 

N.V.S.= 24804 

17859 — 

4.25185 

>>» 

Latitude — 34 

59 7 

N.Co-v.S. 42663 - Cofine - 

99 r 344 


Sun’s zen. dift. 72 

10 18 

— — Co-fecant — — 

0.02138 

1 i' 
:& 

Arc third — 2 

29 10 

— — H. E. T. — — 

0.21762 

fy* 

W 

App. time at (hip 2 

58 59 

— — H. E. T. — — 

0.15244 

Ap. t. atGreenw.4 

14 3 1 



$ 

Longitude in time 1 

15 3 2 

= x8° 53' W. 



In north latitude, January 10, 1791, about one o’clock P. M. 
the following obfervations were taken, the height of the eye being 
1 6 feet. Required the latitude and longitude of the place of ob- 
fervation ? 

Dift. © and 3) ’s n. limbs | Alt. ’s low. limb | Alt. ©’s low. limb. 





O 

O 

IO' 3O" 

i 7 ° 48 ' — 

— 9 0 50' 

q 




I I 40 

18 17 — 

— 45 

8 




13 ° — 

18 49 — 

— 39 

h 




14 IO 

19 19 — 

— 32 

« 




9 20 

J 33 

166 


Mean 

— 

70 

12 20 ' 

18 33 15 

9 4 i 3 ° 


Sun’s femidiam. + 16 19 Semid. + 15 6 Semidiam. + 16 19 

Moon’s femid. +15 2 Dip - — 3 49 Dip - — 3 49 

Augmentation - + 4 

App.alt. 18 44 32 App. alt. 9 54 o 

Apparent dift. - 70 43 45 Correft. + 49 30 Corretftion — 5 9 

Moon’s app. alt. 18 44 32 

Sun’s app. alt. - 9 54 o True alt. 19 34 2 True alt. - 9 48 51 

Difference - - - 8 50 32 N.V.S.=oi 1884 

Apparent dift. - 70 43 45 N.V.S.=669966 - Log. diff. 9.997941 

Moon’s true alt. 19 34 2 

Sun’s true alt.- 9 48 51 Diff. — 658082 - Log. — 5.818280 

N. N°. - 654970 

Difference — 9 45 11 N.V.S. - 014453 — 5.816221 

Corrett diftance 70 41 46 

N.V.S. - 669423 

Correct 
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Correft dift. — 7o°4i' 46" 

Diftance atxxi. h. 69 35 20 DifF. - t° 6 ' 2 6" — P. L. 4329 

Diftance at noon - 70 59 0 Diff. - 1 23 40 — P. L. 3327 

Proportional part — — 22255 — P. L. 1002 

Preceding time — — — 21 o o 

Time at Greenwich — ■ — 23 22 55 

The time at Greenwich being fo near noon, the correction arifing 
from the change of the Moon’s parallax and femidiameter, to be ap- 
plied to the computed diftance, is therefore almoft inienfibte. 


True diftance - 7o°4i'46" — — Co-fecant — — 0.02513 
Moon’s zen. dift. 70 25 58 — — Co-fecant — — 0.02583 

Difference — o 15 48 N.V.S. = 00001 
Sun’s zenith dift. 80 11 9 N.V.S.= 82955 

Diff. - - 82954 - Log. — 4.91884 

Arc firft — 5 44 36 — — — — Riling - 4.96980 

True diftance - 70 41 46 — — Co-fecant — — 0.02513 

Moon’s pol. dift. 87 34 o — — Co-fecant — — 0.00039 


Difference — 16 52 14 N.V.S.= 04304 
Sun’s pol. dift. hi 55 47 N.V.S-= 137347 


Diff. - - 133043 - Log. — 5.12399 

Arc fecond — 7 27 4 — — Rifing — — 5.1495 1 

Arc third — 1 42 28 — — Rifing — — 3.99252 

Moon’s zen. dift. 70 25 58 — — Sine — 9.97417 

Moon’s pol. dift. 87 34 o — — Sine — 9.99961 

Difference — 17 82 N.V.S. = 04438 

„ N.N°. = 09253 — — 3.96630 

Latitude' — 59 40 N.Co-v.S. 13691 Co-fine - 9.7 332 

Moon’s zen. dift. 70 25 58 — — Co-iecant — — 0.02583 

Arc third — 1 42 28 — — H. E. T. — — 0.36417 

Moon’s mer. dift. 3 35 5 — — H. E. T. — — 0.09332 

Moon’s 
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Moon’s mer. dift. 3 0 35' 5" 
Moon’s right afc. o o 20 


Right afc.merid. 20 25 15 
Sun’s right afc. 19 27 48 


App. time at {hip o 57 27 
Ap. t. at Green. 23 22 55 


Longitude in time 1 34 32 = 23° 38'W; 

The preceding method of computation would be facilitated, by 
taking the Moon’s horizontal parallax and femidiameter from the 
Nautical Almanac, agreeable to the time anfwering to the apparent 
central diftance. This time may be known with fufficient accuracy 
for the above purpofe, by infpeftion. Moreover, if the latitude of 
the place of obfervation, and the azimuths of the obfervcd objects, 
are known nearly, allowance may be made in the computation for 
the fpheroidal figure of the earth. In this cafe, the computation 
gives the reduced latitude ; and therefore the reduftion from table 
xxxvr. is to be added thereto. The following example is inferted, 
iu order to illuftratc the above. 

March 3d, 1789, the central diftance of the Sun and Moon, deduc- 
ed from feven oblervations, and corrected by the index error, and 
the error of the line of collimation, was 72° 19' 40'', the Sun’s ap- 
parent central altitude was 25° ii'.i, that of the Moon 19° 22'.2, 
and the azimuths of thefe objefls were 16 0 * and 95°-)- refpeftively ; 
the eftimate latitude was 57° N. Required the true latitude and 
longitude of the place of obfervation. 

The time, anfwering to the central diftance, is a little before 
noon ; and at this time the Moon’s horizontal parallax is 56' 42" and 
femidiameter 15’ 27". 

The reduced and correfted altitudes of the Sun’s center are 25° 
23'.8, and 25° 22’.o refpeftively ; and thofc of the Moon 19° 21' 
and 20 0 11/.7, and the Moon’s reduced patallax 56' 32" — from 
whence and the apparent diftance, the true diftance is 72° 1' 44". — 
See page 1 19. 

True diftance - 72° 1' 44” 

Dift.atxxi. hours 70 57 50 DifF. = 1° 3' 34" — P. L. 4498 

Diftance at noon 72 2 6 28 DifF. = 1 28 38 — P. L. 3077 

* Proportional part — — 2 9 46 — P. L. 1421 

Preceding time — — 21 00 


Apparent time at Grcenw. 23 9 46 


True 
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True diftance - =72° i'-7 — — Co-fecant — — 0.02172 

Moon’s zen. dift. = 69 4^*3 — — Co-fccant 0.0275^ 

Difference — 2 >3-4 N.V.S. = 00075 

Sun’s zenith dift. - 64 38.0 N.V.S. = 57159 

Diff. - =57084 -Log. — 4-75 6 5* 

Arc firft — — 4 35 27 — — Rifing — 4-80579 

True diftance — 72 1.7 — — Co-fecant— — 0.02172 

Moon’s P. diftance 70 19.6 — — Co-fccant — —0.02612 

Difference — 1 42.1 N.V.S. = 00044 

Sun’s P. diftance - 96 32.4 N.V.S. = 111390 

Diff. - =111346 Log. — 5.04667 

Arc fecond — 65617 — — Rifing — 5-°945i 

Arc third — 2 20 50 — — Rifing — 4-26231 

Moon’s Z. diftance 69 48.3 — — Sine _ — — 9-97 2 44 

P. diftance 70 19.6 — — Sine — — — 9-97388 

Difference — o 31.3 N.V.S. = 00004 

16167 — — 4.20863 

Reduced latitude - 56 57 .6 N.Co-v.S. 16171 Co-fine - 9.73658 

Moon’s Z. dift. - 69 48.3 — — Co-fecant 0.02756 

Arc third — 22050— — H. E. T. — — 0.23916 

Moon’s merid. dift. 5 31 47 — — H. E. T. — — 0.00330 


Moon’s right afeen. 3 3140 Reduced latitude 56 57.6 

. Reduft. t. xxxvi. + 13-8 

Right afc. merid. 21 5953 . ~ 

Sun’s right afeen. 22 5844 Latitude — 57 114N, 


Apparent time - 23 19 

Ap. time at Green. 23 9 46 

Longitude in time 837 = 2? 9*' W. , _ 

CHAP. 
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CHAP. VIII. 

Of finding the Longitude at Sea or Land, 


By 


An Obfervation of the Difiance between the Moon and a Star, not 
ufed in the Nautical Almanac. 


Introduction. 


/ 


T HE diftances between the Moon and the Sun, and ten of the 
brighteft fixed fiats neareft the Moon’s path, are given in the 
Nautical Almanac, when the Moon is in a proper pofition with re- 
fpeft to thofe objects. It may however happen, that fome other • 
fiar is in a more favourable pofition for obfervation, than any of 
thofe given in the Ephemeris; the fhip’s longitude might therefore 
be determined by fuch an obfervation, when perhaps it would other- 
wife be impoffible. 

The difference of longitude between the Moon, and the fiar with 
which it is to be compared, muft not however be lefs than a certain 
quantity, otherwife the Moon’s relative motion will be too flow, for 
the purpofe of determining the longitude. Several other elements 
enter alfo into this method, which makes it neceifary to treat of it 
in a particular manner. 

Problem I. 

To find that Quantity, which the Difference between the Longitudes 
of the Moon and the given Star mufi exceed, that the Moon's Re- 
lative Motion may not be too much dimini/hed. 

Rule. 

Inter table xvir. with the difference between the latitudes of the 
Moon and the propofed fiar, if both latitudes are of the fame name, 
but with their fum, if of contrary names, and find the correfpond- 
ing quantity. Now if this quantity is lefs than the difference be- 
tween the longitudes of the Moon and given fiar, their difiance may 
be obferved, for the purpofe of finding the longitude of the place 
of obfervation ; but if it is greater than that difference, the Moon’s 
relative motion will be too flow, to derive any benefit for the 
above purpofe, from fuch an obfervation. 


Example. 

Is it proper to compare the Moon with * Orionis, in order to de- 
termine the longitude, it November 1792* about ioh. P. M. re- 
duced time ? 

U Lnti» 


\ • 
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latitude of Betelguefe = i6° 4' S. Long, of Betelguefe = 2« 25° 52' 
Latitude of the Moon 1 3 N. Long, of the Moon 11 10 4 

Difference of latitude - 17 7 Diff. of longitude — 3 15 48 

Now in table xvti. oppofite to the diff. of latitude 17° 7' is 33® 
48'; which being lefs than the diff. of longitude 105° 48'; that ftar 
may, therefore, in the prefent cafe, be employed for the purpofe of 
finding the longitude. 


Problem II. 

Given the true Di/lance between the Moon and a fixed Star , together with 
the Latitude of each, to find the Moon's Longitude. 

Rule. 

To the true diftance, add the latitudes of the Moon and liar, and 
find the difference between the half fum and diftance. 

Now to the log. fecants of the latitudes of the Moon and ftar, add 
the log. co-fines of the half fum and difference, if the latitudes are 
of the fame name, or the log. fines if of a contrary name; half the 
fum of thefe four logs, will be the log. co-fine, or fine of half the 
difference of longitude, according as the latitudes of the Moon and 
ftar are of the fame or of a different name. 

To the apparent longitude of the ftar, add the difference of lon- 
gitude, if the Moon be eaft of the ftar, otherwife fubtradl it, and 
the fum or remainder will be the true longitude of the Moon. 

Remark. It will be fufficient in moft cafes to take out the lati- 
tudes of the Moon and ftar to the ncareft minute. 

Example. 

Let the true diftance between * Orionis and the Moon’s center be 
105° 26' 14", November 21, 1792, at 1 o hours reduced time. Re- 
quired the Moon’s longitude? 


True diftance — 105° 26' 14" 


Latitude of Moon - 1 

Latitude of “ Orionis 16 

1 1 
1 1 

55 c/$ 

1 1 
CO CO 

Secant 

Secant 

0.0000729 

0.0172672 

Sum — — 122 

Half — — 61 

Difference — — 44 

32 >4 

16 7 — — 

10 7 — — 

Sine - 
Sine - 

9.9429416 

9.8430908 

52 

53 3 — — 

Sine - 

19.8033725 

9.9016862 

Difference of long. - 105 

4 6 6 


Mean 
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Mean longitude of « Orionis, 21 Nov. 1792, - 2* 25° 51' 40" 
Equation of equinoxes, table LXi. — — — 3 

Aberration — — — — + 1 9 


Apparent longitude of * Orionis — — 2 25 51 5 6 , 

Difference of longitude, the j being weft of * 3 1 5 46 6 

Moon’s longitude — ■ — — 1110 j 50 


Problem IIL 

Given the True Longitude of the Moon, to find the Apparent Timet 
at Greenwich. 

Role. 

From the Nautical Almanac, take four longitudes of the Moon, 
two of which immediately preceding, and two following the given 
longitude. Find the difference between each pair fucceffively; find 
alio the fecond difference, and let their mean be taken. 

Now, to the conftant log. 2.8573325, add the ar-co. of the log. 
of the variation of the Moon’s longitude in 1 2 hours, reduced to fe- 
conds, and the log. of the difference between the given and preced- 
ing longitudes in leconds; the lum, rejecting radius, will be the log. 
of the approximate time in minutes, to be reckoned from the preced- 
ing noon or midnight. 

Take the equation of fecond difference from table xxxvi. anfwer- 
ing to the approximate time, and the mean fecond difference, with 
which enter table xxxvn. at the top, and find the equation corre- 
fponding thereto, and the Moon’s motion in longitude in 1 2 hours, 
in the lide column; which being applied to the approximate time, 
by addition or iubtraifion, according as the firft difference of the 
Moon’s motion is increaling or decreafmg, will give the apparent 
time at Greenwich. 


Example. 

21 November 1792, the longitude of the Moon deduced from 
obfervation was II* io° 5' 50". Required the apparent time at 
Greenwich ? 

? 2oh. atmidn. 10* 27°22' o" 

21 at noon 11 4 18 52 Diff.6°56' 52" 

21 atmidn. 11 11 12 o 6 53 8 Diff. 3' 44" Mean 

22 at noon 11 18 1 27 6 49 27 = 3 4 i = 3 ' 42"-5 

U 2 Moon’s 
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j’s long. 2ih. at noon II s 4 °i 8 ' 52 '' 

Given longitude — 1 1 io 5 5 ° 

Difference — 54658=20818"^. —4.3184390 

Var. j ’s long, in 1 2 hours 6 53 8=24788" Ar-co-log. 5.6057584 
Conftant log. — — — — — 2.8573325 

Approximate time — 10 4 41 = 6o4'.68 — 2.7815299 

The eq. from tab. xxxvii. ~l 

anfwer. to 1 5* the eq. > — 26 

of 2d. diff. ft 6 ° 5 3' is y 

App- time at Greenwich - 10 4 15 

Problem IV. 

Given the Latitude and Efiimate Longitude of the Place of Olferva- 
tion, the Difiance between the Moon and a bixed Star, together with 
the Altitude of each , to find the True Longitude of that Place. 

Rule. 

With the given latitude, the correfted altitude and declination of 
the Aar, compute the apparent time of obfervation by prob. vn. 
page 95. Reduce this time to the meridian of Greenwich, and 
find the Moon’s femidiameter and horizontal parallax agreeable 
thereto. 

With the true and apparent altitudes, and the apparent central 
diAance, compute the true di fiance; with which, and the latitudes 
of the Moon and Aar, find their difference of longitude, and from 
thence find the apparent time at Greenwich, by the laff problem. 
Now the difference between the apparent time at the place of ob- 
fervation, and that at Greenwich, will be the longitude of the place 
in time, as formerly. 


Example. 

November 21, 1792, in latitude 48° 50' N. longitude by account 
19 0 W. a little before 9I1. P. M. the diAance between the Moon’s 
well limb and Betelguefe was 106° 2' 24", the altitude of Betel- 
gucie 1 4 0 44', and that of the Moon’s lower limb 26? 38', height 
of the eye 10 feet. Required the true longitude? 

Obferved 


i 
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Obf. alt. Betelguefe = 

14 0 

44 ' 




Dip - - - - — - 

— 

3 




Apparent altitude - - 

*4 

4 t 




Refraction - - - - 

— 

3 

35 

1 


True altitude — 

14 

37 

25 



North polar difiance 

82 

39 


— Co-fecant — 

• 0.00358 

Latitude — 

48 

5 ° 

. 

— Secant — 

0.18167 

Sum — — 1 

[46 

6 



• ]• 

Half — — 

73 

3 

. — 

— Co-fine — 

9.46469 

Difference — - 

58 

26 

— 

— Sine — — 

9.93046 





— Sine — — 

19.58034 


38 

5 



9.79017 


8 


Mer. dift. Betelguefe ; 4 40 . 
R. A. Betelguefe - 5 43 57 


R. A. of meridian o 39 17 
Sun’s R. afcenfion 13 51 2 


Approximate time 8 48 15 
Eq. to approx, time 1 _ 

tab. xvii. - — J 1 3 2 

— to long. I9°W. — 13 

Apparent time — 8 46 30 
Longitude in time - 1 16 


Reduced time — 10 2 30 
Obferved diflance 106 2 24 
Augm. femidiam. — 16 6 


Apparent difi. - 105 46 18 
Apparent alt. 5 26 51 

Apparent alt. * 14 41 


Obf. alt. 5 ’s 1 . limb 

26° 

'38' 


Semidiameter — dip - 

• + 

13 


Apparent altitude - 

2 6 

5 1 


CorreCf. to red. par. 

+ 

50 

18 

True altitude 5 = 

27 

4 « 

18 

* = 

14 

37 

2? 

Sum — 

42 

18 

43 

Half — — 

21 

9 

21 


Rum — 147 18 

Half — — 73 39 

Difference — 32 7 


— — Log. difF. - 9.996844 

— — Co-fine — 9.44948; 

— — Co-fine — 9.927867 


19.374196 


f 

V 
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* 

Half fum true alt. 
Arch — — 

21 9 21 

29 6 43 

— — 

Sine — 

9.687098 


Sum — — 

Difference — 

50 16 4 

7 57 22 

— 

Co-fine — - 
Co-fine — 

9.805637 
9 995799 



52 42 58 

— — 

Sine — 

19.801436 
9.9007 18 

1 

Computeddiflanceio5 25 56 
Seconds omitted = + 18 





Truediflance — 

105 26 14 





The Moon’s longitude, inferred from the true diflancc, and the 
latitudes of the Moon and liar, by prob. u. page 146, is 1 is io° 5' 
50", and the apparent time at Greenwich anfwering thereto, by 
prob. m. page 147, is — — s : ioh.4'15" 

And the app. time at the place of obfer. is 8 46 30 

Hence the longitude of that place is — i 17 45 = 19 0 26+' W. 


CHAP. IX. 


Of finding the Longitude at Sea or Land, 

By 

jlu Obfervation of the Dflance between the Moon and a Manet. 
Introduction. 


T HIS method of determining the longitude at fea will, for the 
moft part, be attended with the defired fuccefs, provided the 
Moon is compared with Venus, Mars, Jupiter, or Saturn. The 
proximity of Mercury to the Sun, and the fmallnefs of the apparent 
magnitude of the Georgian planet, prevent them from being of any 
fervice for this purpofe. 

Venus and Jupiter may be compared with the Moon, even when 
the twilight is pretty ftrong, and in this cafe their altitudes may be 
very accurately obferved. Hence the longitude being computed 
from the mean of feveral fets of obfervations, may be fafely de- 
pended on. 

If the obferver is provided with a Circular Inftrument, he may 

mea- 





( t 5 l } 

meafure the diftance between the Run and Moon when it exceed* 
i2o°. As however, the diftance when above that quantity, is not 
given in the Nautical Almanac, the following method of computa- 
tion is to be ufed, in place of that formerly given. In this cafe, the 
difference of longitude between the Sun and Moon may be found 
thus: 

To the log. fecant of the Moon’s latitude, add the log. cofine of 
the true di fiance; the fum, rejefling radius, will be the log. cofine 
of the difference of longitude, of the fame affeftion with the diftance. 

Problem. 

Given the Latitude of a Place , and its Longitude by account , the 

obferved Di/lancc between the Moon and a Planet,* and their Al- 
titudes , to find the true Longitude of the Place of Obfervation. 

Rule. 

Let the error of the watch be inferred from the altitude of the 
Sun, obferved the preceding evening, or from that of a fixed ftar, 
or from the altitude of the Moon or planet, taken at the fame time 
with the diftance. Hence the apparent time of obfervation will be 
known — to which the longitude by account being applied, the re- 
duced time will be obtained. 

Find the apparent and true altitudes of the Moon and planet, 
with which, and their apparent central diftance, compute the true 
diftance. Now, with the true diftance, and the latitudes of the 
Moon and planet, find their difference of longitude, by prob. n. 
page 146, which being added to, or taken from the geocentric lon- 
gitude of the planet, found in the Nautical Almanac page iv. of 
the month, according as the Moon is eaft or weft of the planet, 
and the Moon’s true longitude will be obtained. Find the time 
at Greenwich anfwering to this longitude, by prob. m. page 147, 
the difference between which, and the time at the place of obferva- 
tion, will be the longitude of that place in time. 

Example. 

April 2, 1792, in latitude 35 0 10' S. and longitude by account, 
42 0 E. at 7 h. 24' P. M. per watch, the diftance between the Moon's 
waft limb and Jupiter’s center was 7 1° 12’ 8", the altitude of the 

Moon’s 

• The diftance between the Moon’s limb, and the center of the planet, is to he ob- 
ferved. In the rules, no allowance is made tor the parallax of the planet, which in 
many cafes is infenlible. Thofc who with to be rigorous in their calculations, may 
compute the Geocentric place of the planet, its femidumctei and horizontal parallax, 
from the beft aftronomical tallies. M. de I<ambrc’s tables of Jupiter aud Saturn, anil 
thofc of the other phacts by M. de la l.andc, will be p:opcr for this purpofi.. 
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Moon’s lower limb 41 0 i 3 ', that of Jupiter’s center 11? t 3', and 
height of the eye 1 3 feet. Required the true longitude ? 

Timep.w. 711.24'Obf.dift. 5’sl.from7£7i°i2' 8" 5 ’sh.par.55' 35" 
Long, in t. 2 48 Augm. femidiameter — 15 19 R-cdu 61 ion — 5 

Red. time 4 36 App. central diftance 70 56 49 Red.h. par. 55 30 
Ob f. alt. d’s 1 . limb = 41° 3' Obferved altitude of # n° 13' 
Semidiameter — +15 Dip — — • — 3 

Dip — — — 3 

Apparent altitude - - 11 10 

Apparent altitude - 41 15 Refraftion — — 4 42 

Correction — + 40 38 . ■ ■ 




— 

— True altitude of Zf = 

11 518 

True alt. of 5 ’s center 41 

55 38 - 

— 

— 

4 > 55 3 8 

App. diftance 4- 1 1" 

70 

57 



— 


Apparent altitude 5 - 

4 > 

>5 

Sum 

— 

— 

53 0 S 6 

Apparent altitude 7 p - 

11 

10 

Half 

— 

— 

26 30 28 

Sum — — 

123 

22 



— 

Log. diff. 

9 - 99555 ? 

Half — — 

61 

4 > 

— 

— 

Co-fine - 

9.676094 

Difference — 

9 

16 

— 

— 

Co-fine - 

9.994295 

Half fum true altitudes 

26 

3 ° 

28 



19.665948 

Arch — — 

42 

54 

2 — 

— 

Sine — 

9.832974 

Sum — — 

69 24 

3 ° — 

■ - - 

Co-fine - 

9.546179 

Difference — 

id 

23 

34 — 

i 

Co-fine - 

9.981977 






«* 

19.52815 6 


35 

3 ° 

42 — 

— 

Sine - - 

■ 9-764078 

Computed diftance - - 

7> 

I 

24 




Seconds added — 



1 1 




True diftance — 

7i 

I 

>3 




Latitude of J — 

3 48 

S. — 

_ 

Secant - 

0.000956 

Latitude of 3? — 

I 

32 

N. — 

— 

Secant - 

0.00015 6 

Sum — — 

76 

21 



• 


Half . — — 

38 

IO 

3°. — 



Sine — 

9.791034 

Difference — 

32 

50 

30 — 

~ 

Sine — 

9-734255 


19.526401 


35 
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35 2 5 455 — Slne — — 9-763201 
70 51 31 

Seconds omitted - - + 13 

Differ, of longitude - 70 51 44 = 2* 10? 5 1' 44" 

Geoc. long, of perEphemeris — 6 28 16 30 

Moon’s true longitude — — 4 1 7 24 46 

Moon’s long. 2d April at noon — 4 15 3 20 

Difference of longitude — — 22126 

j) ’s long. 1 ft at midn. =45 8° 54' 30" 

2d. at noon = 415 3 20 + 6° 8' 50'' 

2d.atmidn.= 4 21 16 5 + 6 12 45 + 3 ' 55 " 

3d. at noon =4 27 33 8+617 3+4 18+4' 6 '* 

Conftant logarithm — — > — — 2.8573325 

Var. 5 ’s long, in 1 2 hours 6° 1 2' 45" = 22365" ar-co-log. 5.65043 1 1 
Diff. of long, of d and 2 21 2 6 = 8486 log. — 3.9287030 

Approximate time — 4 33 11 = 273'. 19 log. — 2.4364666 

Eq. from tab. xxxvm. - + 56 

App. time at Greenwich 4 34 7 

Altitude of Jupiter — ii° 5' 

South polar diftance of 8o° 33 — Co-fecant — 0.00593 

Latitude of fhip — 35 20 — Secant — 0.087555 

Sum — — 126 48 

Half — — 63 24 — Co. fine — 9.65140 

Difference — — 52 19 — Sine — 9.89840 

19.64289 

41 — Sine — 9.82144 

”8 

Meridian diftance 2j? 5 32 10 

raff. 7 £ over mer. fhip 1 2 55 3 

Apparent time at fhip - 7 22 53 
App. time at Green w. 4 34 7 

Longitude in time — 248 46= 42°iii'E, 

X CHAP. 
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CHAP. X. 

Of finding the Longitude at Sea or Land. 

The neceffary data being 

The obfirved Altitude of either limb of the Moon, the Apparent lime 
at the Place of Obfervation, together with its Latitude, and Longi- 
tude by account. 

Introduction, 

r A Like degree of accuracy is not tcf be expefled in this, as in 
any of the former methods. In thofe, it was fufficient to 
take the altitude to the neareft minute, but in this, the altitude 
fhould be taken to the neareft fecond, and the apparent time of ob- 
fervation, determined to the tenth of a fecond. The Moon’s right 
afcenfion and declination (hould be reduced to the apparent time of 
obfervation, by the method of Interpolation; and if the computed 
longitude differs confiderably from that which was affumed, fo as 
to make an alteration in the Moon’s declination, the operation malt 
be repeated. 

Problem. 

Given the obferved Altitude of the Moods limb, to find the Longitude 
of the Place of Obfervation, 

Rule. 

Reduce the apparent time of obfervation to the meridian of Green- 
wich, by prob. hi. page 73. To this time, take the Moon’s decli- 
nation from the Nautical Almanac ; with which, the correft altitude 
of the Moon, and the latitude of the place, find the horary diftance 
of the Moon from the meridian, by prob. ix. page 1 00. Now to 
the Moon’s right afcenfion at the preceding noon, add its meridian 
diftance, if in the weftem hemifphere— otherwife fubtraft it; and 
from this fum or difference, increafed by 360° if neceffary, fubtradl 
the Sun’s right afcenfion at the preceding noon; reduce the remain- 
der to minutes, and find its logarithm. 

From the fum of 180°, and the variation of the Sun’s right aft. 
cenfion in 12 hours, fubtradf the variation of the Moon’s right 
afcenfion in 1 2 hours ; and find the arithmetical complement of the 
logarithm of the remainder. Now the fum of thefe two logarithms, 
and the conftant quantity 2.8573325, will be the log. of a certain 
quantity cxpreffed in minutes. 

From the P. Log. of the difference between this time, and the apt- 
parent time at the place of obfervation, fubtraft the P. Log. of the 
difference between the variation of the right afcenfions of the Sun 
and Moon in 12 hours, and the remainder will be the P. Log. of 
the longitude in minutes and feconds, which are to be efteemed de- 
grees and minutes. 
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Examples. 

October 17, 1791, in latitude 43 0 18’N. and longitude by ac- 
count 24 0 30' W. at nh. 37' 33" apparent time, the altitude of the 
Moon’s lower limb was 23 0 31', and the height of the eye 12 feet. 
Required the true longitude of the place of obfervation ? 

Obferved did. jj’s 1 . 1 . 23 0 31' o* App. time of obf. nh.37'53" 
Augm femidiameter + 14.9 Longitude in time t 38 oW. 

Dip — — ”■ 3-3 

Eft. timeatGreen. 13 15 53 

Apparent alt. j’scenter23 42.6 
Correction — •+■ 47.6 


True altitude »’s center 24 30.2 


Moon’s polar diftance 

7 i 

4 t 

— Co-fecant — • 

0.02258 

Latitude — 

43 

18 

— Secant — - 

- 0.1380a 

Sum — — 

139 

29.2 



Half — — 

69 

44.6 

— Co-fine — 

9*53936 

9.85130 

Difference — — 

45 

14.4 

— Sine — — 

K 





I 9 * 55 ,2 4 


3 6 

37-2 

— . Sine — — 

■ 9 * 77 S 6 2 

Moon eaft of meridian 73 

14.4 



Moon’s right afcenfion 83 

36.0 

• 

, 

Difference — — 

10 

21.6 



Sun’s right afcenfion 

202 

16.2 



Remainder — 

168 

5*4 

= 10085/4 log. — 

4.0036931 

1 8o°q- var. 0 ’s R . A. 1 
in i2h. — — J 

180 

28.1 

Conftant log. — 

2 * 8 S 733 2 S 

Var. ]>’sR.A. in i2h. 

6 

14.0 



Difference — — 

i 74 

14.1 

= 10454/1 ar-co-log. 

5.9807^3 


ti 34 36= 694.6 — — 2.8417389 

Apparenttimeofobfer.il 37 53 

Difference — — 3 17 — P. Log. — 1.7389 

Diff.var. q’sR. A. in t. 23 3.6 — P. Log. — 0.8924 

Longitude — — — 25 0 38' — — P. Log. — 8465 

Which is weft, becaufe the time at the fhip is later than the com- 
puted time. 

X % Do. 
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December 26, 1792. in latitude 45 0 28' N. and longitude by ac- 
count 38° 10' E. at i4h. 20' 10" apparent time, the altitude of the 
Moon’s lower limb was 39 0 2'.p, and height of the eye 16 feet. 
Required the true longitude? 


Obferved alt. j) 

’s 1. limb 39 0 2'-9 

Apparent time — 

14I1. 20' 10" 

Semidiaineter 

Dip — 

— — + »s-° 

~ Q 

Longitude in time 

2 32 40 

— 3-° 

Reduced time — 

11 A 1 3° 



Appar; ’ t alt. 1> 

’s center 39 14. 1 



Correct on — 

■ — + 4i-3 



True altitude 

— — 39 55-4 



Polar diltance 

I — 71 50 .6 

— Co-fecant 

— 0.02218 

Latitude — 

— 45 28.0 

— Secant — 

— 0.15408 

Sum — 

Half — 

— 157 I 4-° 

— 78' 37.0 

— Co- fine — 

- 9- 2 95 2 9 

Difference 

— 3 8 41-6 

— Sine — 

— 9-79599 


• 


19-26754 


25 29.2 

— Sine — 

— 9- 6 3377 


Moon well of meridian 50 58.4 
Moon’s right alcenfion - 74 25.0 


Sum — — 125 23.4 

Sun’s right afcenfion - 27 6 2.1 


Remainder — 
380° + var. ©’s 1 


Difference — — 

Diff. var. © and j ’s ? 
R. A. in I2h. — 3 


209 21.3= 12561.3 

— — 

4.0990346 

180 33.2 Conllant log. — 

2 - 8 5733 2 S 

6 21 ‘ 



174 12.2= 10452.2 ar-co-log. 

1 

5.9807923 

00 

c* 

00 

II 

r- 0 

>-> M 

O 

►1 

— — 

• 2 -937i594 

1 

1 

P. L. 

— 1-54*3 

23 11. 2 — — 

P. L. 

— 8900 

39° 43' — — 

P. L. 

— 6563 


Which is call, becaufe the apparent time at the Ihip is earlier than 
the computed time, 

BOOK 
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BOOK IV. 


CONTAWING 


Various other Methods of finding the Longitude cf Places. 


HIS method appears to have been firft mentioned in Purchas* 


account of Hail’s difeovery of Greenland, and loon after it was 


clearly explainedln Carpenter’s Geography, printed at Oxford in 1635. 
It is alfo mentioned by Dr. Malkelyne in his inflruftions, relative to 
the tranfit of Venus in 1 769. By the Abbe Toaldo, in a pamphlet 
publilhed in 1784, and by Mr. Pigott in the Phil. Tran, for 1786 
and 1790, who very ftrongly recommends it, “ being convinced, 
“ that in a very (hort time it muft be univerfally adopted, having every 
“ advantage over Jupiter’s firft fatellite, and but little inferior in pre- 
“ cifion to occultations.” 

The longitude of a place may be very accurately determined by 
this method at land ; and a tolerable degree of precifion may be ob- 
tained at fea, by obferving equal altitudes of the Moon, as accurate- 
ly as poflible, and making an allowance in the time of tranfit, de- 
duced from the equal altitudes, for the change of declination be- 
tween the obfervations. 

As the obfervation for the above purpofe happens fo very often, 
it therefore feems to demand the particular attention of the practical 
aftronomer, as well as of thofe who travel to diftant countries. 
The Marquis de Chabert, in his travels, ufed this method with 
fuccefs. In 1753, he determined the longitude of Carthagena ; and 
in order to facilitate the praftice of it, he deferibed, in the Memoires 
de l’ Academic for the year 17 66, a ready and Ample method of plac- 
ing and verifying the polition ot the Tranfit Inflrumeat. 


CHAP. I. 



Introduction. 



The 
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The neceffary obfervation, for determining the longitude by this 
method, is the apparent time of the Moon’s pafTage over the meridian. 
Or, in order to attain the utmoft accuracy of which it is fufceptible, 
the paflage of a ftar, having the fame declination nearly, is alfo to be 
obferved ; both at the place whofe longitude is wanted, and at a place 
whofe fituation is known. It is not abfolutely neceffary, that the 
fame fiar be obferved at both places. In this cafe, it will be proper 
to ufe thofe liars only, whole places are accurately determined. 
The mftruments neceirary for this purpofe at land are, a tranfit in- 
(Irument, and an aftronomical clock. At fea, the equal altitudes 
may be obferved with afextant for the fake of greater accuracy. 

The meridian altitude of the Moon being obferved at the fame 
time with the tranfit, will afford another method of determining 
the longitude ; and which,- when the change of the Moon’s decli- 
nation is a maximum, or nearly fo, will be found tolerably accurate. 
This method, however, can only be praftifed with fuccefs in an ob- 
fervatory, 

Problem I. 

Given the Apparent Time of the Tranfit oj the Moon's Limb over the 
Meridian, to find the Longitude of the Place of Obfervation. 

Rule. 

Reduce the apparent femidiameter of the Moon to time, by tables 
xxxix. and xl. which being applied to the apparent time of tranfit 
of the Moon’s limb, by addition or fubtradlion, according as the 
weftern or eaftern limb was obferved ; the fum or difference will be 
the apparent time of the tranfit of the Moon’s center. 

From the right afeenfion of the Moon in time, fubtrafl that of 
the Sun, the remainder will be the approximate time of the Moon’s 
paflage over the meridian of Greenwich. Now, to the log. of the 
difference between the change of the Moon’s right afeenfion in 1 2 
hours, and that of the Sun’s in the fame time, reduced to feconds, 
add the ar-co-log. of the difference between the above quantity and 
43200". and the log of the approximate rime in feconds ; the natural 
number anfwering to the fum of thefe three logs, will be the correc- 
tion in feconds, of the approximate time ; which being added there- 
to, will give the apparent time of the Moon’s paffage over the meridi- 
an of Greenwich. 

From the P. Log. of the difference between the apparent times 
of tranfit at Greenwich and the place of obfervation, fubtrafl the 
P. Log. of the difference between the variations of the right afeen- 
fions of the Sun and Moon in 1 2 hours j the remainder will be the 
P. Log. of the longitude of the place of obfervation in minutes and 
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feconds, which are to be efteemed degrees and minutes. If the 
time of tranfit at the place of obfervation is earlier than that at 
Greenwich, the longitude is eaft, otherwife it is weft. 


Examples. 

July 2, 1792, the apparent time of the tranfit of the Moon's 
Weftern limb was toh. 43' 58". Sought the longitude of the place 
of obfervation ? 


} ’s R. A. ? g, „ J ’s R- A. - ) fi0 g, „ App. time of? h .,» ,g I 
at noon J Ion- - 5 a at noon - - j J tran. J ’s w.l. J u • Ai jo 


0’s R.A. 
at noon 

Approx. 

time 


>6 48 30.4 3>' sRA - at J. 7 30 O I) -icq. remidi, 
f 4 3 4 midnight S 1 3 tab. xxxis. S 

| 10 9 49.6 


Var. JRAA 
in la h. i 
Var. © R.A. ? 
in xa h. S 


31 40 


» 3-7 


lncreafe of fern.? , 

diam, t. it. J *" 


1 9.7 

3-5 


App. time of tr. 
0’s center 


jlo 45 


Il.i 


difference — — — — 49 36.3 = I7 7 6".3 log. - 3.149516 

Conftant quantity — — — — 43100 


difference — — — — — 41413.7 ar-co-log 5.38275* 

Approximate time of tranfit — 10 9 49.6= 36589.6 log. - 4.56335S 

Corrcftlon — — — -j- 16 9.0 1569.0 — — 3.195615 


Apparent time of tranfit at Green. 10 35 5 8.6 

App. time of tran. at place of obf. 10 45 11.3 

difference *— — — 9 11.7 — » P. L. — 1.2909 

diff. of »ar. R. A. Q and J in 11 h. 19 36.3 — P. L. — 0.7839 

Longitude — _ — 56° o' — — P. L. — 0.5070 

\V hich is weft, becaufe the time of tranfit by obfervation is later 
than the time at Greenwich. 


December 30, 1792, the Moon’s eaftern limb was obferved to 
pafs the meridian at 13I1. 53' 33".8. Required the longitude of the 
place of obfervation? 

0’s — 18 44 4.4 at midnight 9 6 II Eq. fem. t. xxxix — X 0.8 

..... — — lncreafe, tab. xl. — a.o 

Aprox. time 13 58 15,6 Var. ]) ’s R. ? ^ __ , 

11 A. in 11 h. f ^ Appar. time of? 

■ O’s — — » 11.6 tran. 5 'a cent. J 


t 58 15.6 


Cendant quantity — — . 

difference — — — 


Difference — II 39.4 = 1199”. 4 log. 3 - 1 X 3743 
— — 43100 


— — > 41900.6 ar-co-log. 5.377780 

Ap- 
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Approximate time of trsnfit — x 58 15.6 A.M. 7095.6 log. - 5.850989 

Corrcflion — — • + 5 40.0 = 220.0 — 2.34251a 

Apparent time of tranfit — — 2 I 55. 6 A. M. 

Apparent time by obfervalion - I 52 31.0 A.M. 

Difference — - — — 9 24.6 — — P. L. — 1. 281? 

DitT. tar. R. A. Q and ]) in 12 hours 21 39.4 — — P. L. — 9197 

Longitude — — — 78° 13' E. — - P. L. — 3620 

The above is a very ready method of finding the longitude of a 

place, efpecially as a fingle obfervation only is neceffary. The 
longitude, deduced by it, is however affe&ed by the error of the 
Moon’s place in the Nautical Almanac. The pofition of the tranfit 
inftrument muft alfo be perfectly rectified, or allowance made in 
the obferved time of tranfit for its deviation from the meridian, 
otherwife the conclufions cannot be depended on. In the following 
method, the error in longitude, arifing from an error in the Moon’s 
place, is avoided; and if the horizontal deviation of the inftrument 
from the meridian does not exceed a few feconds of time, a very ac- 
curate folution may be obtained, provided the declinations of the 
Moon and ftar be nearly the fame. 


Problem IT. 

Given the Intervals of Time between the Tranfits of the Mosrfs Limit 
and a Fixed Star over two different Meridians , to find the Differ 
rence of Longitude between the Places of Obfervation . 

Rule. 

The difference or fum of the given intervals, according as the 
Moon is on the fame, or on oppofite fides of the ftar, at the places 
of obfervation, reduced to fiderial time, will be the increafe of the 
Moon’s right afeenfion, anfwering to the difference of meridians of 
thofe places. To the log. of which expreffed in feconds, add the 
ar-co-log. of the increafe of the Moon’s right afeenfion in 1 2 hours 
in minutes, taken from the Nautical Almanac, and the conftant log. 
5.20951 ; the fum will be the log. of the difference of longitude in 
feconds. 

The wefternmoft place of obfervation anfwers to the greater or 
lefs interval, according as the Moon is to the eaft or weft of the 
ftar. If the Moon be on oppofite fides of the ftar, that place 
will be wefternmoft, where the Moon was obferved to precede 

the ftar. 
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Example. 

Let the interval in fiderial time, between the tran fits of the 
Moon’s weft limb and t Scorpionis, be t h. 24' 3".7, and the inter- 
val in fiderial time, as obfcrved at another place, be ih. 21' 4o".3- 
— the increafe of the Moon’s right afcenrion in 1 2 hours being 
6 ° 12'. Required the longitude of the place of oblervation? 

Obf. interval at Greenw. 1 h, 24' 3". 7 
. Obf. inter, at other place 1 2 1 40.3 


Difference — — 2 23.4 = i43".4 log. — 2.1565s 

Increafe j’sR. A.in i2h. 6“ 12' =372' ar-co-log. 7.42946 

Conftant log. — — — — 5.20951 

Longitude — * 17® 20' 50" =62450" — — 4.79552 


CHAP. II. 


5 Tie Method of finding the Longitude of a Place at Sea or Land, 


By 


An Eclipfe of the Moon. 


. Introduction. 

T HIS method of finding the longitude of a place was mentioned 
by Hipparchus, about 150 years before the Chriftian aera. 
It is particularly defcribed in Apian’s Cofmography, printed at An- 
twerpin i55o;and fince, has been recommended byfucceeding writ- 
ers on this fubjeft. 

This is, perhaps, the moft eafy of the aftronomical methods that 
have been propofed, to find the longitude at fea; as it Ts nei- 
ther affedled by refraction nor parallax, to which fome of the 
other methods are liable. However, as lunar eclipfes haopen fo 
very feldom, the longitude cannot be found by this method fo often 
as is necefiary; yet fuch obfervations fhould not, if poffible, be ne- 
glefted. 

The beginning and end of the eclipfe are the principal phafes, 
which the longitude is to be found. If the oblerver is provided 
with a (extant, thcfe phafes may be obfcrved with tolerable accuracy, 
with the telefcope belonging to that inftrument. The obfcrvarioas 
may alfo be multiplied, by mealuring the verfcd fines of the enlight- 

Y ened 
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ened part of the Moon’s difc, for which purpofe this inftrument is 
well adapted at fea. At land, a different method is commonly uled. 

Problem I. 

To find if a Lunar Eclipfe will be vifible at a given Place. 
Rule. 

To the times of the beginning and end of the eclipfe, as given in 
the Nautical Almanac, let the longitude by account be added or 
fuhtrafted, according as it is call or well, and the correfpondent 
inflants ofthefe phafes by the meridian of the place will be obtained. 

Now, compute the times of Sun-rifing and fetting by means of a 
table of femidiurnal arcs or otherwife; and if the reduced times of 
thefe phafes happen while the Sun is above the horizon, the eclipfe 
will not be vifible; but one or both phafes will be vifible, if the Sun 
is under the horizon, and may therefore be obferved, provided the 
Moon is not obfeured by clouds or fog. 

Example. 

Was the lunar ecliple of Oftober it, 1791, vifible at Cape Como- 
rin, in latitude 7° 56'N. and longitude 78° 5' E. 

App. time beginning at Green. i2h. o' App. time of end 15 b. 1 1" 

Long. Cape Comorin in time 5 1 2 E. — — 5 1 2 

Reduced time, Oftoberti, 17 12 — — — 20 23 

or Oftober 1 2, 5 1 2 A. M. — 823 A. M. 

Now, to latitude 7 0 56'N. and declination of the Sun 7 0 25' S. 
the femidiurnal arc is about 5I1. 56'. The Sun therefore rifes at 6h. 
4'. Hence the beginning of the eclipfe was vifible; but its end was 
invifible, as at that time the Sun was confiderably above the horizon, 
and therefore the Moon nearly as much below. 

Problem II. 

To obferve a Lunar Eclipfe , and from thence to determine the Lon- 
gitude of the place of obfervation. 

Rule. 

Apply a fuitable magnifying power to the telefcope, and adjufl it 
to diftinft vifion, by means of the lunar fpots, or by any other con- 
venient objefl. Put the watch in a proper place, or give it to an at- 
lift ant to hold, who alfo may be provided with materials to mark 
down the times of obfervation. Dircft the telefcope to that part of 

the 


Digitized by Co.QgIe 


T 


( i«3 ) 

the Moon which, it is expe&ed, will firft touch the (hadow, fome 
minutes before the time of the beginning of the eclipfe, if that phafe 
be vifible; and as the extremity of the fhadow is not well defined, a 
certain degree of (hade muft be fixed on ; which may be determined 
foon after the Moon has entered the penumbra. The end of the 
eclipfe is alfo to be obierved, the fame degree of (hade being ufed. 

Reduce the times per watch of the beginning and end of the eclipfe 
to apparent time; the mean of thefe will be the apparent time of 
the middle of the eclipfe — the difference between which, and that 
given in the Nautical Almanac, will be the longitude in time of the 
place of oblervation, which is eaft or weft, according as the time at 
, the place of obfervation is later or earlier than the Greenwich time. 

If only the beginning or end of the ecliple be obferved, it muft be 
compared with the correfpondent phafe in the Nautical Almanac, 
to find the longitude. If the ecliple is total, it will be proper to ot>- 
ferve the immerlioRs of both limbs of the Moon, and alfo their 
emerfions. The mean of the firft immerfion and laft emerfion is to 
be taken, and alfo that of the laft immerfion and firft emerfion ; and 
the mean of thefe will be the time of the middle of the ecliple, being 
mqre to be depended on, than that deduced from a fingle pair of ob- 
fervations. Now this mean being compared with the time of the 
middle of the eclipfe, as given in the Nautical Almanac, will give 
the longitud^as before. 

If the obferver is provided with a fextant, it will conduce to 
greater accuracy to meafure the verfed fines of the uneclipled part of 
the Moon, as often as is polfible, at the ingrel’s ; and to take corre- 
fpondent obfervations at the egrefs. 

Examples, 

October 1 1, 1791, the beginning of the lunar eclipfe was obferved 
at 8h. 40a' P. M. per watch, and the end was obferved at nh 52' 
P. M. the error of the watch for apparent time was 13!' flow. 
Required the longitude of the place of obfervation ? 

Beginning of the eclipfe per watch 8h. 40 1' 

End ' — — — 11 52 


32* 

Middle of eclipfe per watch — 10 16* 

Error of the watch — 4- 1 3 $ 

Apparent time of middle of eclipfe 10 294 

— — per Naut. Almanac 13 35J 

Longitude in time — 3 6 } = 46 ° 32'! W. 

Y 2 April 
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April 18, 1791, being in lat. n° 48' N. and long, by account 
80; t. the undermentioned obfervations of the lunar eclipfe were 
taken; and towards the middle of the eclipfe, the following altitudes 
of Antares were obferved, in order to afcertain the error of {he 
watch, the height of the eye being 14 feet. Required the longitude 
of the place of oblervation ? 


Time p. watch 9 0 

53 ' 

18" 

Alt. = 

: 1 1 0 

43 ' 

54 

20 


I I 

56 


55 

12 


12 

8 


56 

14 


12 

21 


>9 

4 



8 

Mean — 9 

54 

46 

Mean 

12 

2 

Dip and refraction 

— 

— 

— 

8 

Altitude corrected 

_ 

_ 

— 

1 1 

54 

Tolar diflance - 

- 

— 

— 

”5 

57 

Latitude — 

- 

— 1 

— 

1 1 

48 

Sum — 

— 

— 

— 

139 

39 

Half — 

— 

- 

- 

69 

49 i 

Difference — 

- 

- 

— 

57 

55 * 


Co-fecant 0.04616 
Secant — 0.00928 


Co-fine - 9.53768 
Sine — 9.92806 


19.52118 

35 nf — Sine — 9.76059 
8 


Antares’ meridian diflance — '4 41 29 

. right alcenfion — 16 16 38 

Right afcenlion of meridian 11 35 9 

Sun’s right alcenfion — 1 45 23 

Approximate time — • — 9 49 46 

Equation to approximate time — 1 3 1 

Equation to longitude E. 1- 50 


Apparent time — — 9 49 5 

Time per watch — — 9 54 46 


Watch faft — ; — — S 4 1 


.Oh- 
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Obfervations of the Eclipfe. 


Beginning 8h. 44' 43" V.S. 

unecl. part. 

End 1 ih. 

37' 2 S W 

8 58 30 

28' 

1 1 

23 30 

9 9 34 

22 i 

1 1 

12 4® 

9 21 5 ° 

18 

1 1 

O 20 

9 35 4 o ' 

*3t 

10 

46 l 6 

9 49 5° 

10 

10 

3 2 3® 

IOO 7 



3 2 4‘ 

9 16 4*1 


1 1 

5 2 6£- 

T 


9 

16 41J. 



20 

22 8 

Time pet watch of middle of eclipfe 

— 10 

ix 4 

Watch fad — 

— 

- 

5 4 1 

Apparent time of middle 

— 

— 10 

5 2 3 

— — per Nautical Almanac 

1 

— 4 

42 20 

Longitude in time — 

— 

— 5 

to 

Ui 

00 

II 


3 = 8o*45J'E. 

If the eclipfe be partial, obfervations of the verfed fines of the en- 
lightened part of the Moon, taken near the middle, will be of no 
fervice in determining the inftant of that phafe, as the change is then 
too flow. — The following method of obferving a lunar eclipfe is 
commonly prattifed in oblervatories. 

Set the affiftant clock agoing exaftly with the tranfit clock; 
then, the telefcope being prepared for obfervation, diredl it to the 
Moon as before, and, as it difficult to afcertain the precife inftant of 
the beginning of the eclipfe, a certain degree of (hade is to be fixed 
on, alter the Moon has entered the penumbra. Ohferve alfo the 
immerfion of both edges of all the remarkable fpots that ly in the 
path of the' fliadow. In like manner, the emerfions of the fame 
lpots, and the end of the eclipfe,’ “are to be obferved; the fame de- 
gree of lhade being ftill ufed. 

Reduce the times per clock of obfervation to apparent tijne; com- 
pare the inftants of the beginning and end of the eclipfe by obferva- 
tion, with thole given in the Nautical Almanac, and their difference 
will be the longitude of the place of obfervation in time. 

If the eclipfe has been obferved at any other place, compare the 
Inftants of each corrcfponding pair of oblervations with each other; 
their difference will be that of the meridians in time. Take the 
mean of all the differences of longitude, deduced from the ingrefs, 
and alfo the mean of thofe inferred from the egrefs; and the mean 
of both will be correct difference of longitude. Hence the longitude 
of either place with refpect to fome given meridian may be obtained, 
provided the longitude of the other place is known. 

De- 
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Determination 

Of the Longitude of the Oblervatory at Aberdeen, by obfervations 
of the lunar eclipfe of ioth September 1783, made at Aberdeen, 
and at Chiflehurll in Kent, 19" in time Eaft of the Royal Obfer- 
vatory at Greenwich. 


Clock fait loth Sept, at noon If' 

and gained daily — 

Hence clock fad at ix hours = io 

x 10 

xi 10 

xii — 10 

xiii — 1 0 

xiv — 10 


9 n ‘S Equation of time at noon 3 ; 

5 5 and daily increafe 20. 5 

11 3 Hence, eq. of time at ix hours = 3 19.4. 

11.5 x 3 20.2 

11. 8 xi — — 3 ai.c 

12.0 xii 3 si. 9 

1 a. a xiii 3 as.* 

12.5 *iv 3 23.7 
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CHAP. 


m. 


The Method of finding the Longitude of a Place 
By 

An Eclipfe of the Sun. 

Introduction. 

T HIS and the following methods are the moft accurate of any 
that have hitherto been employed for the purpofe of finding 
the longitude of a place. The difference of the meridians of two 
places may be found to the nearefl fecond of time, by comparing 
corrcfpondent obfervations of the fame eclipfe. Thefe obf rvations 
are therefore eagerly defired by the practical aftronomer. The cal- 
culation is indeed longer than that in any of the former methods. 
This arifes from parallax — the effeft of which may be found by va- 
rious methods ; however, that by means of the Nonagefimal appears 
to be the eaiieft. 

As the ecliptic is a great circle, one half of it is always above the 
horizon, and the other half underneath it; the middle of the ele- 
vated part is therefore 90 ° diftant from its interfeCtion with the 
horizon, and is hence called the Nonagefimal. The elevation of 
the nonagefimal above the horizon is called its Altitude, and its 
diftance from the equinoctial point aries is called its Longitude. 

Problem I. 

Given the Apparent Time at a Place , its Latitude, and the Obliqui- 
ty of the Ecliptic, to find the Altitude and Longitude cf the Nona- 
g final. 

Rule. 

From the given latitude, fubtraft the number anfwering thereto 
in table xxxvi. the remainder will be the reduced latitude. 

To the apparent time, add the Sun’s right afeenfion reduced to 
the given time and place; the fum will be the right afeenfion of the 
meridian. 

Let the difference between the right afeenfion of the meridian, 
and o.xii or xxiv. hours, according to which it is neareft, be reduc- 
ed to degrees, and called arc firli. 

Then to the log. co-tangent of the reduced latitude, add the log. 
fine of arc firli; the fum will be the log. tangent of arc fccond. 
Now, if arc firft is between o and 180°, the fum of arc fecond and 
the obliquity of the ecliptic is arc third, otherwife their difference. 
To the log. tangent of arc firft, add the log. co-fecaut of arc ie- 

cond 
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V 

cond, arid the log. fine of arc third; the fum is the log. tangent of 
arc fourth; which, when the right afcenfion of the meridian is be- 
tween o and vi. hours, is the longitude of the nonagefimal, or its 
fupplement if between vi. and xii. hours. But arc fourth being 
added to 180°, if the right afcenfion of the meridian is between xii. 
and xvui. hours, or fubtrafted from 360", if between xvm. and 
xxiv. hours, will give the longitude of the nonagefimal. 

To the log. tangent of arc third, add the log. co-fecant of arc 
fourth, the i'unj will be the log. tangent of the altitude of the no- 
uagefimal. 

Example. 

Required the altitude and longitude of the nonagefimal, in latitude 
57 0 8'.9 N. and longitude in time 8' 40" W. Nov. 26, 1787, at 
nh. 18' 8" apparent time*? 

Apparent time — nh. 18' 8" 

O’s R. A. at red. time 16 10 57 

Latitude = 57 0 8'.9 

Reduftion — 13.8 R. A. of meridian — 3 29 5=52*1(75 

Red. lat. - 56 55.1 Co-tang. 9.81387 

Arc firft - 52 1 6.i Sine — 9.89813 tang. 0.11143 


Arc fecond 27 15.1 Tangent 9.7 iaooco-fec. 0.339 13 
Obliq. eel. 23 28.0 


Arc third- 50 43d — Sine — — 9.88881 tang. 0.08737 

Long.non. 65 24.5 — Tangent 0.33937 cofec. 0.0413 1 


Altitude nonagefimal 53 0 22' tang. 0.12868 

The altitude and longitude of the nonagefimal may alfo be readi- 
ly found by the following rule. 

Find the reduced latitude of the place, and the right afcenfion of 
the meridian as before. Then, if the right afcenfion of the meri- 
dian is lefs than vi. hours, increafe it thereby, and the fum will be 
arc firft; but if it exceeds vi. the difference between it and xvm. 
hours is arc firft. 

Take the log. correfponding to arc firft from column of rifing, to 
which add the log. co-fine of the reduced latitude, and the log. fine 
of the obliquity of the ecliptic; the fum will be the log. of a natural 

num- 

* It is furticient in mod cafes to firj the altitude and longitude of the nonagefimal 
to the neaiefl minute. 
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humber, which being fubtradtcd from the natural fine of the fum of 
the reduced latitude and obliquity of the ecliptic, will give the nat. 
co-fine of the altitude of the nonagefimal. 

Take th^, log. correfponding to arc firft, or its fupplement, if 
it exceeds vi. hours from column of half elapfed time ; to which 
add the log. fecant of the reduced latitude, and the log. fine of 
the altitude of the nonagefimal; the fum will be the log. fecant 
of the longitude of.^he nonagefimal, if the right afcenfion of the me- 
ridian is lefs than Vi. hours. If between vi. and xn. hours, its fup- 
plement is the longitude of the nonagefimal; but being added to 
180“, if the right afcenfion of the meridian is between xa. and 
Xvm. hours, or fubtradfed from 360°, if above xvai. hours, will 
give the longitude of the nonagefimal. 

Remark. If arc fir ft exceeds the limits of the tables, take the log. 
rifing anfwering to its fupplement, to which add the log. co-fine of 
the latitude, and the log. fine of the obliquity of the ecliptic; the 
natural number, anfwering to the fum of thefe three logs, being 
added to the natural fine of difference of the latitude and obliquity 
of the ecliptic, will give the natural co-fine of the altitude of the 
nonagefimal.f 

Example. 

Required die altitude and longitude of the nonagefimal at Green- 
wich, June 3, 1788, at 19I1. 24' 5 6. "5 apparent time? 

Apparent time = 19!). 24' 5 6". 5 Lat. of Greenw.ch 5 1° 28' 40" N. 
Sun’s right afc. 4 51 30.5 Reduction — 14 33 


R. A. meridian - 0 
6 

16 27.0 Reduced latitude - 

5 1 i 4 7 

Arch firft — 6 

16 27 — — Rifing 

— 5 -° 3 00 7 

Latitude — 51 

14 — — — Co-fine 

— 9.79668 

Obliq. ecliptic 23 

28 — — — Sine — 

— 9.60012 

Sum — — 74 

42 — N. S. = 96456 



26722 — 

— 4.42687 

Alt. nonagefimal 45 

47 — N. co-fine 697 3 4 - Sine 

— 9-85534 

Suppl. arc firft: - 5 

43 33 - - H.E.T. 

O.OOI 12 

Reducedlatitude5i 

14 — — — Secant 

— 0.20332 

Long, nonagef. 29 

23 — — — Secant 

— 0.05978 


Z 

The 

t The table of natural veiled line* may be ufed in the computation in (lead of that 

of natural fiat*. 
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The effeft of parallax depends on the altitude of the nonagefimal, 
and on the diftance of the objett therefrom. When the objefl is in 
the nonagefimal, its latitude only is affected; but in other pofitions, 
both the latitude and longitude of the object are altered by parallax. 
Thefe efFefts may be computed as follows. 

Problem II. 

Given the Altitude and Longitude of the Nonagefimal , together -with 
the Moon’s Latitude, Longitude, and Horizontal Parallax, to find 
the Parallaxes in Latitude and Longitude. 

Rule. 

From the horizontal parallax of the Moon, as given in the Nauti- 
cal Almanac, fubtraft the number from table xxxii. and add that 
from table xxxm. anfwering to the latitude of the place; call the 
aggregate the Reduced Parallax. 

To the log. co-fecant of the altitude of the nonagefimal, add the 
log. co-fecant of the Moon’s diftance from the nonagefimal, the log. 
co-fine of the Moon’s latitude, and the prop. log. of the reduced 
horizontal parallax ; the fum will be the approximate parallax in 
longitude, which being added to the difference between the longi- 
tudes of the Moon and nonagefimal, the fum will be the apparent 
difference of longitude nearly — with which, the altitude of the no- 
sagefimal, the Moon’s latitude and reduced parallax, repeat the 
procefs, and the refult will be part firft of the parallax in longitude, 
which is additive to the Moon’s longitude, when that objeft is eaft 
of the nonagefimal, otherwife fubtraftive. 

Take the greateft effedf of part fecond of thejparallax in longitude 
from table xxxv. anfwering to the reduced parallax and latitude — 
to the log. of which, add the log. co-fine of the Moon’s longitude; 
the fum will be the log. ofpartlecond of the parallax in longitude, 
which is additive or fubtraftive, according as the Moon is in the afi. 
cending or defeending figns, the latitude being north ; the contrary 
rule is to be applied, when the latitude is fouth. Hence the Moon’s 
apparent longitude will be obtained. 

To the P. I.og. of the Moon’s reduced parallax, add the log. fe- 
cant of the altitude of the nonagefimal, and the log. fccant of the 
Moon’s latitude ; the fum will be the approximate parallax in lati- 
tude 

The altitude and longitude of the nonagefimal may be found independent of each 
other, by the following formuiz. 

Co-fine alt. nonagefimal = fine ob. eel. cof. lat. fine R. A.M. fin. near, 
eq. cof ob. cel. fine lat. 

Tang. long. non. fm. neared eq. = fine ob. eel. fecant R. A. M. tang, 
lat. — cof. ob, ccl. tan. R. A. M. 


} 


to radius I. 
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tude, which being added to the Moon’s difiance from the elevated 
pole of the ecliptic, will give its apparent polar diftance nearly; 
and hence the Moon’s approximate apparent latitude will be known; 
to the log. fecant of which, add the log. fccant of the altitude of the 
nonagefimal, and the P. L. of the Moon’s reduced parallax; the fum 
will be the P. L. of arc firft. 

Then, to the log. co-fecant of the Moon’s approximate latitude, 
add the log. co-fecant of the altitude of the nonagefimal, the P. L. 
of the reduced parallax, and the log. fecant of the Moon’s apparent 
diftance from the nonagefimal; the fum will be the P. Log. of arc 
fecond. If the Moon is between the ecliptic and its elevated pole, 
the difference between arcs firft and fecond will be the principal effefr 
of parallax in latitude, otherwife their fum, the Moon being above 
the horizon; and which is fubtra£Hve or additive, according as the 
Moon and the elevated pole of the ecliptic are on the fame, or on 
oppofite fides of the ecliptic. Part fecond of the parallax in latitude 
is found in table xxxiv. the arguments of which are, the latitude 
of the place of obfervation, and the Moon’s horizontal parallax. It 
is additive or fubtradlive, according as the latitudes of the Moon and. 
given place are of the fame, or of a contrary name. 


Example. 


Let the altitude of the nonagefimal be 45 ° 47', its longitude 29 0 
23', the Moon’s- longitude 2 s 13° 19' 41", latitude o° 20' 9" N. 
equatorial horizontal parallax 60' 33". and the latitude of the place 
5 1° 14' N. Required the parallaxes in longitude and latitude? 
Equat. hor. par. 5 60' 33" Moon’s longitude — 2 5 13 0 20' 

Redu&ion — — 9 Long, of nonagefimal - - 29 23 

Augmentation - 4- 19 . 

Difference of longitude 1 13 57 

Reduced parallax 60 43 - P. Log. 0.4719 
Alt. nonagef. 45 0 47 — Co-fec. 0.1447 
Moon’s latitude - 20 — Co-fine 0.0000 


0.6166 — — 0.6 166 

Diff. of long. 43 57 — Co-fec. 0.1586 


Appr. par. Ion 4 30 


P. Log. 0.7752 


Appr. app.1 _ __ 

D. long.} 44 27 — ~ 

Part firft of parallax in long. 4 
Moon’s true longitude — 213 

Moon’s long, correilcd - 2 13 

Z 


Co-fine — 0.1547 


30' 28" — P.L. — 0.7713 
19 41 p. t. xxxv. 9",8 log. 0.9912 


59 9 — Co-fine — 9-4447 
2 Moon’s 
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Moon’s long, corrected - 2 13 50 9 

Part fecond of par. In long. 4- 3 

Moon’s apparent longitude 2 13 50 12 

Reduced parallax 60' 43" P. L. 0.4719 
Alt. nonagef. 45 47 — Secant 0.1565 
j ’s latitude - o 20 9 Secant o.oqoo 

Approx, parallax 42 21 P. L. 0.6284 

Appr. app. lat. o 22 12 Secant 0.0000 — Co-lecant * 2.1899 

Alt. nonagef. 45 47 — Secant 0.1565 — Co-fecant - 0.1447 

, J ’s reduced par. 60 43 P. L- - 0.4719 — — 1 — 0.4719 

42 21 P. L.- 0.6284 Sec. 0.1464 

12 _ _ — P. L. - 2.9529 


Part 1 ft par. in lat. 42 9 

Part 2d par. in lat. 4- 23 
Moon’s true lat. - 20 9 N. 

Moon’s app. lat. 21 37 S. 

Problem III. 

To find the Apparent Time at Greenwich cj the ecliptic Conjunction 
of the Sun and Moon, 

Rule. 

Find the difference between the longitudes of the Sun and 
Moon, at the noon or midnight immediately preceding the conjunc- 
tion, and alio at that which follows it. To the log. of the lirft of 
thefe differences, expreffed in feconds, add the ar-co-log. of the futn 
of the two differences in feconds, and the conftant log. 2.8573325, 
the Aim will be the log. of the approximate time in minutes, reckon- 
ed from the preceding noon or midnight. 

Take the equation from table xxxvm. anfwering to the fum of 
the two differences, and to the mean fecond difference, which be- 
ing applied to the approximate time, by addition or fubtraftion, ac- 
cording as the Moon’s relative motion in longitude is increafing or 
decreasing; hence the apparent time of conjunction will be obtained. 

Ex- 


Co-fine — 9.4447 
Log. — 0.4359 
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Example. 

Required jhe apparent time of the conjunflion of the Sun and 
Moon, June 3, 1788? 

Moon’s long. Sun’s long. Difference. 

June 3, noon is 1° 29' 3" — 1 13 16 43 — II 57 40 Firft diff. 

midn. 2 8 47 5 — 2 13 55 26 — 5 8 21 ■+- 6 49 19 Second diff. 

4. noon 2 16 8 50 — 2 14 24 8 -f- T 44 42 -j- 6 53 3 q- 3 44 Mean 

midn. 1 23 33 19 — a 14 52 jo + 8 40 39 + 6 55 57 ■+• 2 54+3 19 

Preceding difference = 5 0 8' 21"= 18501" — > log. - 4.2671952 
Sum preced.Sc foil. diff. 6 53 3 =24783 — ar-co-log. 5.6058461 

Conftant log. — — — — — 2.8573325 


Approximate time — 8 57 29.6 = 537".494 log. — 2> 73°3738 
Equation, tab. xxxvm + 32.8 

Ap.t.conj. pall midn. 8 58 2.4 or June 3, at 20I1. 58' 2"-4 

Problem IV. 

Given the Apparent Times of the Beginning and End of a Solar Eclipff 
to fud the Longitude of the Place of Obfervation. 

. Rule. 

Reduce the apparent times of the beginning and end of theeclipfe, 
to the meridian of Greenwich, by applying thereto the ellimate lon- 
gitude, by prob. m. page 73 ; and to thefe times, let the Moon’s 
horizontal parallax and femidiameter, the Sun’s longitude and 
right afeenfion, be taken from the Nautical Almanac. Increafe 
the Moon’s femidiameter by the augmentation anfwering to its. alti- 
tude, from which fubtrafl the quantity of inflexion, which is about 
3feconds. Hence the reduced parallax and apparent femidiameter of 
the Moon, and the right afeenfion of the meridian, will be known. 
Diminifh the latitude of the place by the quantity from table xxxvi. 
and from the Sun’s femidiameter, fubtrafl the quantity of irradiation, 
which is about 4 feconds. 

Compute the altitude and longitude of the nonagefimal, and thence 
the parallaxes in latitude and longitude at the in ft ants of obfervation, 
ufing the difference between the Moon’s reduced parallax, and the 
Sun’s horizontal parallax, and the difference between the longitudes 
of the Sun and nonagefimal. 

From the Moon’s relative motion in longitude during the obferved 
interval, fubtrafl the difference between the parallaxes in longitude, 
if the Sun is on the fame fide of the nonagefimal at the beginning, 
and at the end of the eclipfe ; but if on oppofite fides, fubtrafl the 

fum 
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Turn of the parallaxes, and the remainder will be the apparent dif- 
ference of longitude. 

If the Moon is in the afeending node, find the difference be- 
tween the parallax in latitude at the end of the eclipfe, and the Aim 
of the parallax in latitude at the beginning, and the change of the 
Moon’s latitude in the obferved interval ; but if the Moon is towards 
the defeending node, find the difference between the parallax in la- 
titude at the beginning, and the fum of the change of the Moon’s 
latitude, and the parallax in latitude at the end. Hence the appa- 
rent difference of latitude will be known. 

From the P. Log. of the apparent difference of longitude, its in- 
dex being increaled by i o, fubtraft the P. Log. of the apparent dif- 
ference of latitude, the remainder will be the log. tangent of the ap- 
parent inclination — to the log. coftne of which, add the P. Log. of 
the apparent difference of longitude, and the fum will be the appa- 
rent motion of the Moon in its relative orbit. 

Find the fum of the apparent femidiameters of the Sun and Moon 
at the beginning and end of the eclipfe, and from the P. Log. of their 
fum, its index being increafed by io, fubtraft the P. Log. of the 
Moon’s relative motion in its proper orbit ; the remainder will be 
the log. co-fine of the central angle. 

Now when the Moon is in the afeending node, the difference be- 
tween the central angle, and the apparent inclination, will be arc firfl, 
and their fum arc fecond. Cut if the Moon is in the defeending node, 
the fum of the above angles is arc firA, and their difference arc fe- 
cond. In the fir ft cafe, the fum of the change of the Moon’s lati- 
tude and parallax, at the beginning of the eclipfe, is fuppofed to be 
greater than the parallax in latitude at the end ; and in the fecond 
cafe, the fum of the change of latitude and parallax at the end is fup- 
pofed greater than the parallax in latitude at the beginning ; if other- 
wife, the contrary rules mult be applied. 

To the log- fecant of arc firfl, add the P. Log. of the fum of the 
apparent femidiameters of the Sun and Moon, at the beginning of 
the eclipfe; the fum will be the P. Log, of arc third; and to the 
log. fecant of arc fecond, add the P. Log. of the fum of the apparent 
femidiameters of the Sun and Moon at the end ; the fum is the P. 
Log. of arc fourth. 

Now, if the Moon is eaft of the nonagefimal, to arc third add the 
parallax in longitude at the beginning of the eclipfe ; and from arc 
fourth fubtrafl the parallax in longitude at the end. If the Moon 
is weft of the nonagefimal, apply the contrary rules. Then to the 
P. Logs, of each of thefe quantities, add the ar-co. of the P. Log. 
of the Moon’s relative motion in longitude, and the P. Log. of the 
obferved interval ; the Aims will be the P. Logs, of the intervals in 
time, between the. ecliptic conjutnflion, and the beginning and end of 
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the edipfe refpe&ively. Hence the apparent time of the ecliptic 
conjunction at the place of obfervation will be known. 

Compute the apparent time of the ecliptic conjunction of the Sun 
and Moon at Greenwich by laft problem ; the difference between 
which, and the apparent time of conjunction at the place of obfer- 
vation, will be its longitude in time as ufual. 

If the apparent time of conjunction at Greenwich, found direftly 
from obfervation, be ufed inftead of that given by laft problem, the 
longitude of the place will be accurately determined. 

Example. 

June 3, 1788, in latitude 57 0 9' N. and eftimate longitude 8' 36" 
in time, the beginning of the folar eclipfe was obferved at 19 h. 33' 
19" apparent time, and the end at 20 h. 49' 29". Required the true 
longitude of the place of obfervation ? 


App. time beg. eclipfe igh. 33' 

19" 

App. time of end 

2oh. 4 q' 20" 

Eftimate longitude - + 8 36 

‘ 

— 

— 

8 36 

Reduced time — 19 41 

55 

— 

— 

— 

20 58 5 

Moon’s horizontal parallax 60 3 3 

— 

— 

, 

— 6° 34 

Reduction, tab. xxxtt. — 

I I 

— 

— 

— 

““ I I 

Augmentation, t. xxxm. 4- 

22 

— 

— 

— 

— +22 

Reduced parallax — 60 

44 

— 

— 

— 

— 60 45 

Sun’s horizontal parallax — 

9 

— 

— 

— 

— — Q 

Difference — — 60 

35 

— 

— 

— 

— 60 3 6 

Moon’s femidiameter — 16 

3 ° 

, 





— 16 30 

Augmentation, tab. xxx. 4- 

9 

— 

— 

— 

— +12 

Inflexion — — 

3 

— 

— 

— 

3 

Apparent femidiameter — 16 36 

— 

— 

— 

— 16 39 

Sun’s longitude — 2* 14' 

'14' 



— 

— 

2s 14 0 1 7 

Semidiameter — 

1(5 

— 

— 

— 

4 - 1 6 


Long, ©’s w. 1 . at begin. 2 13 58 Long. O’s call 1 . at end 2 14 33 


Sun’s right afeenfion - 4h.yi' 34" — — — 4I1. 51' 47" 

Apparent time — 19 33 19 — — — 20 49 29 

R. A. merid. at begin, o 24 53 R. A. meridian at end 1 41 16 

Lati- 
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Reduced lat. = 56° 5 5' co-tang. 9.8 1390 

Arc firft — 6 13+ fine — 9.03487 tang. 9.03743 


Arc fecond — 4 2.3 tangent 8.848770^0. 1.15229 

Obliq. ecliptic 23 28 

v Arc third — 2730-3 — f‘ ne ~ 9.66448 tang.9.7 165 7 

I.ong. nonagef. 35 33.5 — tangent - 9.85420 cofe. 0.23 543 

Long, o’sw.l. 73 58 — Alt. nonagefimal 4 I 0 5 °t tan S- 9 - 95 20 ° 


App. D. long. 38 24.5 co-fec. 0.2067 

Alt. nonagef. 41 50.4 co-fec. 0.1758 fecant — — 0.1278 

Diff. parallax - - 60' 35" P.L. 0.4729 — — — — 0.4729 


Part iftpar.in Ion. 25 
Part 2d par. long. — 


= P. L. o.6oot 


P. 2d. 


par. — 24 


Parallax in long. - 25 4* Parallax in lat. 44 44 

Reduced lat. 56°55' cotang. 9.81390 

Arc firft - 25 19 fine - 9.63106 tang. 9-67491 

Arc fecond 15 34 tangent 9.44496 cofec. 0.57128 
Obliq. eclipt. 23 28 

Arc third - 39 2 — — fine — 9.79918 tang. 9.90880 


Long.nonag.47 59 — — tangent - 0.04537 cofec. 0.12904. 


Lon. o’se. I.74 33 — altitude nonagef. 47 0 30' tang. 0.03793 


DifF. of long. 26 34 co-fec. 0.3495 

Alt. nonagef. 47 yo co-fec. 0.1324 — *— fecant — 0.1703 
Diff. parallax 60 36 P.L. 0.4728 — — — — 0.4728 

P. 1 ft. par. long. 19 59 P.L. o.9547P.iftpar.lat.4o'56"P.L.o.643i 
Part 2d. — — 3 — Part 2d. 24 


Parallax in long. 19 56 Parallax in latitude — 40 3 2 

Ap* 

• In computing the parallaxes in latitude and longitude, the Moon’s latitude may 
be fuppofcd — O, by which ovsns the computation will be rendered more fimple, and 
the accuracy at the fame time will not be diminUhcd. 
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Par. in lat. 40' 32" 

Change lat 4 18 

Par. Ion. at beg. 25' 4" 

at end 19 56 Sum — 44 50 
Par. lat. 7 

Difference — 5 8 at beg. J ^ 

Rel. mot.long. 43 4 6 Difference 6 P.L. 3.2553 


Ap.mot.inlon. 38 38 — P. L. + 10 = 10.6683 — 0.6683 


App. inclinat. 0.9 Tangent — 7.4130 co-fine 0.0000 


Apparent motion in proper orbit — — 38' 38" P. L. 0.6683 

O’sfem.atbeg. 15' 44"* at end 15' 44" 
j) ’s femidiam. 16 36 16 39 


Sum — 32 20 + 32 23 =64' 43"!* — P.L. 10.4442 

Moon’s apparent motion in proper orbit 38 38 — P.L. 0.6683 


Central angle — — — 

53 

21 — co-fine 9.7759 

Apparent inclination — — 

O 

9 

Arc firft — — — 

53 

3 ° 

Arc fecond — — — 

53 

12 


Arc firft 55 0 30' Secant - 0.2256 Arc 2d 53 0 12' fee. 0.2226 
Sumfcm.beg. 32 20 P. L. - 

19 14 P. L. - 


0 - 74 S< 5 SU ^e“ d j 32 23 P.L. 0. 7449 


Par.inlong. 7 

at beg, j 2 * » 

Sum — 4418P.L.- 

2> ’s relative 7 , „ T 

mot. long.} 43 4 < 5 ar-co-PX. 

Obf. inter. 1 16 10 P. L. - 
Int. bet. 7 

beg. and f- 1 17 5 P. L. - 
conjun. J 
Beginn. 19 33 19 

App. t .7 

of con.} 20 5 ° 2 4 


0.9712 19 24 P.L.0.9675 

Par - J ? n *i . 9 56 

at end - J 

0.6080 Difference 32 P.L. 2.5283 

9.3859 — — — 9-3859 

o- 373 S — — — 0.3735 

Int. betw. "j 

0.3683 end and ^ 56" P. L. 2.2877 
conjun. 3 
End 2 -i 49 29 


Ap.t. 


A a 


conj 


:} 


20 50 25 


Ap, 


l 


• The Sun’s femidiameter is diminifhed b j the quantity of irradiation. 
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Ap.timeconj. 20 50 24 


. 20 58 2 


T. con.atGr.l 
by laft prob. j 

Long, in time - 7 38 W. 


But the time of conjunction at Greenwich,! inferred from obfer- 
vation, was 2 oh. 58' 47", the difference between which and 2oh. 
50' 24" is 8' 23", the longitude in time. 


Problem V. 

Given the Apparent Time of the Beginning , or of the End of a So- 
lar Eclipfe, to find the Longitude of the Place of Obfervation. 

Role. 

Reduce the apparent time of obfervation to the meridian of Green- 
wich ; to which time, find the Moon’s femidiameter, horizontal pa- 
Tallax and latitude; and the Sun’s femidiameter, longitude, and 
right afeenfion ; fina alfo the difference between the Moon’s reduced 
parallax, and the Sun’s horizontal parallax. 

Now, compute the altitude and longitude of the nonagefimal, and 
the parallaxes in latitude and longitude as ufual. Hence the Moon’s 
apparent latitude will be known ; to the P. Log. of the fum of 
which and the fum of the femidiameters of the Sun and Moon, add 
the P. Log. of their difference; half the fum will be the P. log. of 
arc firft. 

If the Moon is eaft of the nonagefimal, and the obfervation that 
of the beginning of the eclipfe, the fum of the above arc and the 
parallax in longitude is to be taken; but if the end of the eclipfe be 
obferved, find their difference. If the Moon is weft of the nonage- 
fimal, ufe the contrary rules. Then, to the P. Log. of this fum or 
difference add the ar-co. of the P. Log. of the Moon’s relative mo- 
tion in longitude, and the conflant log. 0.4771 ; the fum will be tire 
P. Log. of an arc. 

Now, if the Moon is eaft of the nonagefimal, the above arc muft 
be added to the time of the beginning of the eclipfe, or fubtrafted 
from that of the end, if the parallax in longitude is lefs than arc firft; 
otherwife added. If the Moon is weft of the nonagefimal, the above 
arc muft be applied to the apparent time of the beginning, by addi- 
tion or fubtraffion, according as it is greater or lefs than the paral- 
lax in longitude ; but if the obfervation is that of the end of the 
eclipfe, it muft be fubtrafted therefrom, and the fum of difference 
will be the apparent time of conjunction at the place of obfervation; 
the difference between which and that by the meridian of Green- 
wich^ 

f Phil. Tran. toI. lxxix. part fiiR. 
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wich, inferred from the Nautical Almanac, by prob. m. or from 
obfervation as above, will be the longitude of the place in time. 

Example. 

At the obfervatory at Aberdeen, the author obferved the end of 
the folar eclipfe of 15 June 1787 at 5h. 32' 2" apparent time, and 
at the Royal Obfervatory at Greenwich, Dr Mafkelyne obferved the 
beginning at 4I1. 10' 58" apparent time.f (The beginning of the 
eclipfe could not be obferved at Aberdeen, nor the end at Green- 
wich, by reafon of clouds.) Required the longitude of Aberdeen ? 

Ap. time of 7 h S’sfemidiara. 16' 45" ©’s femidiam. 15' 47" 

end at Abd. J -* ' * Augmentation + 7 Irradiation - — 4 

Eft. long, in t. + 8 3 6 Inflexion 3 

Corr. femid. - 15 43 


Reduced time 5 40 38 Corr. femid. 16 49 — — *649 


Sum — 32 32 

} ’s eq. hor. par. 6 1 2 6 Moon’s lat. June 1 5 . at noon i° 13' 6 " N. 
Reduftion - — 11 Prop, part to 5 h. 40' 38” - — 19 29 
Augmentation + 22 Equation of fecond differ. - + 7 


Reduced parallax 6 1 37 Moon’s latitude at red. time o 53 44 N. 
Sun’s hor. par. — 9 

Difference — 61 28 
Sun’s right afcen. 5h. 35' 39'' 

Apparent time - 5 32 2 

R. A. meridian 11 7 4 1 

18 


Arc firft — 6 52 19 — — Rifing — — 5.08859 

Latitude — 56 55 — — — Co-fine — — 9.73708 

Obliq. ecliptic 23 28 — — — Sine — — 9.60012 


Sum — — 80 23 — N. Sine - 98595 

26656 — — 4.42579 


Alt.nonageftmal44 o — N. Cofine 71939 

A a 2 Alt. 


f In Dr. Maltelyne’s letter to the author, dated Royal Ohferratory, Greenwich, 
December 19th, 1787, he fays, “ I obfi reed the beginning of the eclipfe of the oun, 
“ June ry laft, at 4h. 1 1' 3" apparent time, or rather a fmall imprtflion of 5 oil 0 ; 
“ the true beginning may be reckoned s" tone r , or *t 4' 1, 10' S ^he end was 
« hid by clouds.” 
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Alt. nonagefimal 44* o' — — — Sine — 9.84177 

Supplement arc firft 5I1. 7' 41 — — H.E.T. — 0.01141 

Latitude — — 56 55 — — — Secant — — 0.26292 

40 3 — — — Secant — 0.11610 


Long, nonag. 139 57 
Long. o’sE. 1 . 84 25 

Difference — 55 32 — Co-fee. 0.0838 

Alt. nonagef. 44 o — Co-fec. 0.1582 — Secant — 0.1431 

Difference of par. 61 28 P. L. 0.4666 — — — 0.4666 

P. iftpar.long. — 35 13 P. L. 0.7086 P ‘ P.L.0.6097 

Part 2d — + 1 Part 2d — 24 

Parallax in leng. 35 1 2 Parallax in lat. - 43 49 

Moon’s latitude — — — 53 33 

Apparent latitude — — — 9 44 

Sum of iemidiameters — — 32 32 

Sum — — — — — 42 16 P. L. — 6293 

Difference — — — — 22 48 P. L. — 8973 

1.5266 

Arc firft — — — — . 31 3 P. L. — 7633 

Parallax in longitude — — 35 12 

Sum — — — — 66 15 P. L. — 0.4341 

5 ’s relafve horary motion — — 35 34ar-co-P.L-9.2958 

Conftant log. — — — — — 0.477 1 

Difference between end and conjun&ion 1 51 46 P. L. — 0.2070 
Apparent time of end — — 5322 

Apparent time of conjundlion — 3 40 16 

Computation of the Apparent Time of GonjunHicn at Greenwich. 

Moon’s femid. 16' 45" Sun’s femid. 1 5' 47" Moon’s hor. par. 61' 27" 
Augmentation 4- 10 Irradiation- — 4 Reduction - — 10 

Inflexion - - — 3 Augmentation - + 19 

Red. femid. 15 43 

Red. femidiam. 16 52 — — 16 52 Reduced parall. 61 36 

Sum 32 35 App. 
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Sun’s R. A. — 

' 5 

3S 

24 

R. A. meridian 

* 9 

46 

22 


18 



Arc firft — 

8 

l 3 

38 

Reduced lat. 

S 1 

»4 

— 

Obliq. ecliptic 

23 

28 

— 

Sum — — 

74 

42 

— 

Alt. nonagef. - 

54 

42 



Suppl. arc firft 

3 

4 $ 

22 

Latitude — 

5‘ 

14 

— 


Reduced parall. 61' 36* 
Sun’s hor. par. 9 


50 11 

Long, nonag. 1 29 49 
Sun’s long. - 84 2 1 


Difference — 

61 27 

Riflng — — 

5.19049 

Co-fine — — 

9.79668 

Sine - — — 

9.60012 

96456 

38663 — — 

4.58729 

57793 Sine — 

9.9 n 76 

H. E. T. — — 

0.07844 

Secant — — 

0.20332 

Secant — — 

0.19352 


Difference — 45 28 — Co-fec. 0.1470 

Alt. nonage)'. 54 42 — Co-fec. 0.0882 — — Sec. 0.2382 
Diff. of parall. - 61 27 P. L. - 0.4668 — — P. L. 0.4668 


„ T P. iftP.lat. 

P. iff par. in long. 35 4; P. L. - 0.7020 ^ ^ 

Part 2d — — 1 Part 2d — 23 


I p - L - 


0.7050 


Parallax in long. 35 44 Parallax In lat. 35 7 

Moon’s true lat. - 58 43 


Moon’s app. lat. - 23 36 
Sum of femidiam. 32 35 


Sum — — 56 11 - P. L. 0.5056 

Difference — 8 59 - P. L. 1.3018 


1.8074 

Arc — — 22 28 - P. L. 0,9037 

Parallax in long. 35 44 


Difference — 13 16 


Diff. 
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Difference — 13' 16" P. L. 1. * 32 «T 

5 ’s rel. hor. mot. 35 34 ar-co-P.L. 9.2958 
Conflantlog. — — 0.477 1 


DifF. begin. & conj. 22 22 - P. L. 0.9054 
Beg. at Greenw. 4 10 58 


App. time conj. 3 48 36 
App. time Abd. 3 40 1 6 

Long, in time 8 20 W. 

The apparent time of conjunction at Greenwich, computed by 
prob. hi. is 3h. 49' 28", and hence the longitude in time is 9' 12". 
Now the mean of this and 7' 38", the longitude. by laft example, de- 
duced from a like comparifon with the Nautical Almanac, is 8' 25". 

Since the oblervations of the above ecliplc were, the beginning at 
one place, and the end at the other, the longitude deduced is there- 
fore affefted by the fum of the errors, arifing from the error of the 
Moon’s latitude. If both obfervations had been the beginning, or the 
end, the refulting longitude would be affeCled by the difference of 
theie errors; and confequcntly would be nearer the truth. 

An obferver at land, provided with proper inftrutnents, befides 
obferving the beginning and end of the ecliplc, takes as many mea- 
furcs as poffible of the verfed fines of the lucid part of the Sun’s dife, 
or of the diflance between thecufps. Hence by the method of inter- 
polation, he can find the time of the middle of the echpfe, and the 
neareft approach of the centers of the Sun and Moon ; from 
whence, the error of the Moon’s latitude, and the longitude of the 
place of obfervation, are determined. 


CHAP. IV. 


The Method of finding the Longitude of a Place , 


By 


An Occult at ion of a Fixed Star by the Moon . 


Introduction. 

T HE obfervations neceffary for finding the longitude of a place 
by this method are, the inftant when the Moon’s eaftern limb 
'covers a fiar, called the Imincifion, and that of the re-appearance of 
the flar from behind the Moon’s weft limb, called the Emerfion. 

The 
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The immerfion of a ftar is eafily obferved, as the fight may be 
directed to the ftar, till that obfervation happens. In an emerfion, 
the obferver fhould direfl his fight to that part of the Moon’s limb, 
from which the liar is expefted to emerge, fome minutes before the 
fuppofed time of emerfion, and continue looking till the ftar appears. 
This time may be found nearly, by adding to the obferved time of 
immerfion, the time required by the Moon to pafs over a fpace, equal 
to the eftimated chord of the fegment cut off by the liar. 

In the calculations, the altitude and longitude of the nonagefimal, 
and the parallaxes in latitude and longitude, are neceflary, as in a 
folar ecliple. Thefe are therefore calculated by prob. i. and n. of 
laft chapter: 

Problem I. 

To find the Apparent Time at Greenwich of the ecliptic Conjunction 
of the Moon and a Fixed Star. 

Rule. 

Reduce the mean longitude of the ftar, to its apparent longitude, . 
by the rule given for that purpofe in page 15. vol. 11. 

From the Nautical Almanac, page v. of the month, take the lon- 
gitudes of the Moon, immediately preceding and following that of 
the ftar; find alfo the meanfecond difference of the Moon’s place. 

Now to the ar-co. of the log. of the change of the Moon’s longi- 
tude in xn. hours, add the log. of the difference between the ftar’s 
longitude and the preceding longitude of the Moon, and the con- 
ftant log. 2.8573325 ; the fum will be the log. of the approximate 
time in minutes.* 

Take the equation of fecond difference from table xxxvii. anfwer- 
ing to the approximate time, and the mean fecond difference — with 
which enter table xxxvm. at the top, and the change of the Moon’s 
longitude in twelve hours in the fide column, and take out the cor- 
refponding equation ; which being added to the approximate time, 
if the Moon’s motion in xii. hours is incrcafing, or lubtrafted if de- 
creafing, will give the apparent time at Greenwich of the ecliptic 
coDjundlion of the Moon and ftar. 

Example. 

Required the apparent time of the ecliptic conjunction of the 
Moon and » n, 26 November 1787 ? 

Mean 


* When the proportional part is lefs than three hours, the computation mav he 
facilitated, by ufing P. logarithms. In this cafe, the conrtant log. is 1.1761 ; and the 
degrees and minutes in the change of the Moon’s longitude are to be efteemed minute* 
and feccnds. 


« 4 i- 
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Mean long. « n at giv. t. 3' o° 28' 45" 

Equat. of equinoxes + 18 

Aberration • — + 18 

Apparent longitude — 3 o 29 21 Con flan t log. — - — ■* 1.1761 

Moon’s long, at midn. 3 o 13 39 Diff. o 15 42 P. L. 1.0594 
— — at noon 3 7 43 20 Dili. 7 2 9 41 ar-co-P.L.8.6i9$ 

o 25 3 P. L. 0.8550 

12 


Approximate time — — 12 25 8 

The mean 2d dilf. is 1' 57", hence in 
tab. xxxvn. the equat. of 2d dilf. is 
i".9, to which & 7 0 30' in t. xxxvm. 
the correction is — — 

Apparent time of conjunffion — 1225 5 

Problem II. 

To find the Longitude of a Place by an Occultation of a fitted Star 
by the Moon, when both the Immetfion and Emerfton are obferved . 

Rule. 

Reduce the apparent times of obfervation to the meridian of 
Greenwich, by applying thereto the eilimated longitude. Find the 
Moon’s horizontal parallax and femidiameter, and hence the reduced 
parallax and femidiameter as before. 

Find the apparent longitude of the ftar; from thence, and the 
Moon’s longitude, compute the apparent time at Greenwich of the 
ecliptic conjunction of the Moon and ftar, by the laft problem. 
Diminifh the latitude of the place of obfervation by the quantity 
from table xxxvr. 

With the reduced latitude, and the right afeenfion of the meridian, 
compute the altitude and longitude of the nonagefimal at the inlfants 
of obfervation ; and find the difference between the longitudes of 
the nonagefimal and obferved ftar, which will therefore be the appa- 
rent differences of longitude between the nonagefimal and the 
Moon’s obferved limb. Compute the parallaxes of the Moon in 
latitude and longitude, hy prob. it. page 170, ufing the apparent lati- 
tude of the ftar in the computation. 

Find the Moon’s motion in latitude and longitude, during the ob- 
ferved interval } and from the change of longitude, fubtraff the 
difference of the parallaxes in longitude, if the Moon is either eaft 
or weft of the nonagefimal at both obfervations ; but if eaft of the 

nona- 
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fionagefimal at the time of immerfion, and weft at that of eirierfiorii 
the fum of the parallaxes in longitude is to be fubtrafted from the 
change of the Moon’s longitude in the above interval. Hence the 
apparent difference of longitude will be obtained. 

If the Moon is approaching the elevated pole of the ecliptic, find 
the difference between the parallax in latitude at the emerfion, and 1 
the fum of the change of the Moon’s latitude in the obferved inter- 
val and the parallax at the immerfion. But if the Moon is receding 
from the elevated pole, let the difference between the parallax in la- 
titude at the immerfion, and the fum of the change of the Moon’a 
latitude and the parallax in latitude at the emerfion, be found. Hence 
the apparent change of the Moon’s latitude in the obferved interval 
will be known. 

From the P. Log. of the apparent difference of longitude, its index 
being increafed by io, fubtraft the P. Log. of the apparent differ- 
ence of latitude ; the remainder will be the log. tangent of the appa- 
rent inclination ; to the log. co-fine of which, the P. Log. of the 
apparent difference of longitude being added, the fum will be the 
P. Log. of the apparent motion of the Moon in its relative orbit. 

From the P. Log. of the Moon’s apparent motion in its proper 
orbit, fubtrafl: the P. Log. of the Moon’s augmented diameter; the 
remainder will be the log. fecant of the central angle.* Find the 
fam and difference of this angle and the apparent inclination; 
Whereof the fum is arc firft, and the difference arc fecond, if the 
Moon is receding from the elevated pole of the ecliptic ; but if the 
Moon is approaching thereto, the difference is arc firft, and the funt 
arc fecond. In this determination, the fum of the change of latitude 
and parallax at immerfion is fuppofed greater than the parallax at 
emerfion, the Moon’s diftancc, from the elevated pole of the eclip- 
tic, being increafing ; but when the Moon is approaching the ele- 
vated pole, the fum of the change of latitude and the parallax at 
emerfion is fuppofed greater than the parallax at immerfion. Other- 
wife, the contrary rules are to be ufed. 

Now to the log. fecant of arc firft, add the P. Log. of the Moon’s 
femidiameter at the immerfion; the fum will be the P. L. of arc 
third ; and to the log. fecant of arc fecond, add the P. Log. of the 
Moon’s femidiameter at the emerfion, the fum is the P. Log. of arc ' 
fourth. 

Then, rf the Moon is eaft of the nonagefimal, to arc third add the 
parallax in longitude at the immerfion, and from arc fourth &btra<5fc 
the parallax in longitude at the emerfion ; but if the Moon is weft 

lib of 

* In rtriflncfs, this angle ought to be compute;! both at the immerfion and emer- 
fion, ufing the Moon’s apparent diameter at theft tides. This degree pf preciizoa 
ft howem almoft unneccfliry. 
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t>f the aonsgefimal, ufe the contrary rules. Now, to the P. Logs, of 
thefe quantities add the log. cofmc of the ftar’s latitude, and the 
*r»co. of the P. Log. pf the Moon’s motion in longitude in three 
hours ; the fums will be the intervals of time between the ecliptic 
conjunftion, and the immerfion and emerjion refpeftively. Hence 
the apparent time of conjunftion of the Moon and ftar will be 
known — the difference between which and that inferred from com- 
putation by prob. i. page 183, will be the longitude of the place in 
time — which is eaft or weft, according as the time of conjunfhon 
at the place of obfsrvation is later or earlier than that at Greenwich. 

Example. 

5 November 26, 1787, in latitude 57 0 9' N. longitude by ac- 
count 8' 36" W. in time, the immerfion of . n was obferved at 1 th. 
1 8' 8" apparent time, and the emerfion at I2h. 23' 12". Required 
the true longitude of the place of obfervation ? 

App. time of immerf. 1 ih. 18' 8" App. timeofemerf. 12b. 23' 12" 


Long, by eftimation 8 36 — — — — 8 36 


Reduced time — 11 26 44 — — — — 12 31 48 

f’s hor. par. at imm. - - 61 it — at emerfion - - - 61 10 

Reduftion - -- — 1 1 — — — — 11 

Augmentation - -+22 — — — — . — +22 


Reduced parallax - - 61 22 — — — — — 61 2t 

[j’sfemidiam. at immerf. 1640 — at emerfion - - 1640 

Augmentation - - +13 — — — — — + 14 

Inflexion - -- —3 — — — — — — 3 


Apparent femidiameter -16 30 — — — — — 1651 

The apparent time at Greenwich of the ecliptic conjunftion of the 
\Ji and » n, is found by problem 1. to be i2h. 25' 5*. 

App- time of inuner. nh. 18' 8" Latitude — — 57° 9' 

- e’sR. A. at uh.? - . Redudtion — — 14 

2 6 ' 44 " — 5 6 57 

— 1 Reduced latitude — 56 55 
Right alcen. meridian 3 29 5 
6 


Arch firft — — 9 29 5 

Supplement — 2 30 55 

Sup* 
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Supplement — 2b 
Reduced latitude 5 6 
Obliq. ecliptic 23 


0 - - j j 

Supplt. arc firft 2 
Reduced latitude 56 55 


App. diff. long. 25 


f r i' 

Reduced par. 5 


Part 2d. 


• 3 °' 55 * 

— 

— ftifing — - ' 

4 - 3*631 

55 — 

— 

— Co-fine — 

9.73708 

28 — 

— 

— ■ Sine — 

9.600 1 2 

27 — 

Nat. fine - 55121 

4 



4545 — 

3 - 657 SJ 

22 — 

Nat. 

co-fine 59666 - Sine 

9.90443 

3 ° 55 

— 

— H. E. T. — 

0.21330 

55 

— 

— Secant — 

0.26294 

24 — 

29 

— 

— < Secant *— 

0.38065 

5 ~ 

— . 

— Co-feCant — . 

0.3727 

22 

— 

— Co-fecant — 

0.0956 

54 ' 48 " 

— 

— Co-fine — 

9.9999 

61 22 

— - 

— P. L. — — 

0.4673 

20 S3 

— 

— P. L. — 

°-P 355 


Parallax in longitude 20 53 


Apparent latitude % 54* 48" Secant 0.0001 — Co-fecant 1.707? 

Alt. nonagefimal S3 22 Secant 0.2242 — Co-fecant o.oyc6 

Red. parallax of d 6 i 22 P. L. 0.4673 — _ 0.4673 

Arc firft — 36 37 P. L. o.69i6D.lon. 2s°s'fec.o.o43o 

Arc fecoad - + 43 P. L, - 2.4034 

Part 1 ft. par. in lat. 37 20 

Part 2d. — — ~ 2e 


Par. in lat. at immer. 36 55 

App. time emer. 1 2 23 1 2 
Sun’s R. A. at 7 , 

i2h. 31' 48" $ 16 11 9 

R. A. of meridian 4 34 21 
6 

Arch «“• 10 34 

Bb * Arch 
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Arch. . — . I oh. 34 ' 2i" 


Supplement — 1 

2 5 39 

— — Rifing — 

3 - 839 °« 

Reduced latitude 5 6 

ss — 

— — Co-fine — 

9.73708 

Obliq ecliptic 23 

28 — 

— — Sine — 

9.60012 

Difference — 33 

27 Nat. fine - 5512 1 



; • ■ ! 


I5OO 

0 

3.17620 

Alt. nonagef. - 55 

31 Nat. co-fine 56621 

Srne — 

9.91608 

Supplt. arch ift 1 

2 5 39 

— 

H. E. T. 

0.43761 

Reduced latitude 56 

55 — 

— 

Secant — 

0.26292 

Long, nonagef. - 76 

1 — 


Secant — 

0.61661 - 

Long. » n — 90 

2 9 . . 

■ - - 


t 

Difference long. 14 

28 — 

_ — _ 

Co-fecant — 

0.6024 

Alt. nonagefimal 55 

3 1 — 

— — 

Co-fecant — 

0.0839 

Latitude » n — 

54 48 

— — 

Co-fine — 

9.9999 

1 D ’s reduced parallax 61 21 

— . — 

P. L. — 

0.4675, 

Parallax in longitude 

12 38 

— — 

P. L. — 

°* 1 537 

App. latitude * n o° 

1/1 

-U 

CO 

Secant 0.0001 

— Co-fccant 

1-7975 

Alt. nonagefimal 55 

3 1 - 

Secant 0.2471 

— Co-fecant 

0.08312 

ij’s reduced parallax 61 21 

P. L. 0.4675 

T— • 

0.4675 

Arch firft 

34 43 

P. L. o.7J47D.lon.i4°28'fec.o.oi4Q 

Arch fecond — 

+ 47 

«- - 

P. L. 

2.362c) 

Part 1 ft. par. in lat.' 

35 3 ° 

— — - 



Part 2d. tab. xxxiv. 

- 2 5 

* 



Par. in lat. at emer. 

35 5 





in ni?h!correft* ] 1 ° 5 2 ' 4 1 " P - L - 20 34 p ar- ^ Ion- at > mm - 20 ' 53 a 
Obferved interval i 5 4 P. L. 4419 — — atcmer.12 38 


True diff longitude 40 44 P. L. 6453 Difference — 
Difference of parall. 8 15 1 . . 


App. diff. of long. 32 20 


« 

2 - 


8 15 


Moon’c * 
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j’s mot. in lat,? 0 o I(J » 2 a"P;L. i.^gofiPar.ialat.atidim . iff h* 
in hi. h. correct. 5 w J 3 % 

Obferved interval I 5 4 P. t. 0.4419 — — at em. 35 j; 

. , •> ■ >, 

True difT. of latitude 3 40 P. L. 1.6815 Difference — . h i 591, 
Difference of parallax 1 50 


] 1' * 

Apparent diff. lat. - 1 50 P. L. 1.9920 . ... J 

Apparent diff. lodg. 32 29 P.L. 10.7436 — — — 0.743# 

; .r , v.'. . T 


Appar. inclination 3' 

5 14' 

tang. 8.751 6 - Co-fine 

— 0.9993 

* . . ' • 

j ’s mot. in rel. orbit 

3 2 3 2 

P. L. 

— 

]j ’s diameter — 

33 4 i 

— — — P. L. 

— ■ 0.7278 

Central angle - 15 

1 — 

— — — - Secant 

-71 0.0 1 5 1. 

Apparent inclinar. 3 

14 

; .. t: - 

: - 1 M 

Arc firft —18 

V . 
'5 

— — ■ — Secant 

— C.0224^ 

3>’s femid. atimmer. 

1 \ 

5 ° 

— _ _ p. L. 

— 1.029c, 

Arc third — — 

»S 59 

— — — P. L. 

— 1.0515 

Par. in long, at imm. 

20 53 


.. ;'t 

Sum — — 

3 5 2 

, _ _ _ P. L. 

— 0,6886 

Latitude of * — 

54 48 

— — — Co-fine 

— 9-9999 

J ) ’s mot. in long. 7 
in hi. hours 3 

5 2 41 

— - — — Ar-co-P. L. i 9:7966? 



Int.bet.imm. & 4 

58 54 

— — — P- L, 

— • 0.4851' 


App. time of imm. 1 1 1 8 8 1 


App. time of con. 1217 a 
Ap. t. of & at Gr. 1 2 25 5* 


Longitude in time 8 3 W, 


Since the time of conjunction, deduced from obfervation, is com- 
pared with that found by laft problem; the longitude of the place is 
therefore affefted by the errors arifing from thofe in the longitudes ' 
of the Moon and ftar. If the time of conjunction at Greenwich had 
been alfo inferred from obfervation, the longitude of the place would 
Jiave been accurately determined, . . 

It 

. I 

• The apparent time of conjunction may alfo be inferred from the emerSon, by uf«. 
*rg arc fecond and the Moon's femidiameter at that time. 

✓ 
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It often happens, that the immerfion, Or the emerfion only, ts 
obferved. In this cafe, the longitude may be found by the follow- 
fag problem, though not with ecjual accuracy, as it will now be 
affedled by the errors arifmg from the error in the latitudes of the 
Moon and ftar, as well as from thofe in the longitudes. 

Problem in. 

find the Longitude of a Place . by an Occupation of a fixed Star 

b the Moon, when the Immerfion or Emerfton only is obferved. 

Rule. 

Compute the apparent time at Greenwich of the conjunction of 
the Moon and ftar, by prob. i. page 183. Find the reduced lati- 
tude and parallax at the reduced time of obfervation, with which 
compute the altitude and longitude of the nonagefimal, and the pa- 
rallaxes in latitude and longitude as ufual. Hence the Moon’s appa- 
rent latitude at that time will be known. 

Find the difference between the apparent latitudes of the Moon 
and ftar, at the inftant of obfervation— to the P. Log. ofthefum 
of which, and the Moon's femidiameter, add the P. Log. of their 
difference; half the fum will be the P. Log. of arc firft. 

Now, if the Moon is eaft of the nonagefimal, and the obfervation 
tnat of an itmnerfiou, the fum of the above arc and the parallax in 
longitude is to be taken; but if an emerfion, take their difference. 
If the Moon is weft of the nonagefimal, ufe the contrary rules.— 
Then, to the P. Log, of this fum or difference, add the conftant 
log. 0.477 G ar -co. of the P. Log. of the Moon’s horary motion 
in longitude, and the log. co-fine of the ftar’s latitude; the fum will 
be the P. Log. of arc fecond. Now, in cafe of an immerfion, and 
the Moon eaft of the nonagefimal, arc fecond is to be added to the 
apparent time; but if the Moon is weft of the nonagefimal, the 
above arc is to be applied to the apparent time of obfervation, by 
addition or fubtraftion, according as arc firft is greater or lefs than, 
the parallax in longitude. If an emerfion be obferved, and the 
Moon at that time eaft of the nonagefimal, arc fecond is to be fub- 
trafted from the apparent time of emerfion; but if the Moon is weft 
of the nonagefimal, arc fecond is additive or fubtraCtive, according 
as the parallax in longitude is left or greater than arc firft. Hence 
the apparent time of conjunction of the Moon and ftar will be ob- 
tained— the difference between which, and the computed rime at 
Greenwich, will be the longitude la firae of the place of obferva- 
tion, as before, 
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Example. 

T> Otftober tS, *788, in latitude 57 0 9'N. longitude by accouaf 
8° 36' W. in time, at nh. 47’ 17" apparent time, the emer/ion 
of , a was obferved. Required the correct longitude? 

Meanlong.i a 2» I3 °jo’ 4" Mean latitude - I°I3'23"S. 

Eq. equinoxes + 1 7 Aberration — o 

Aberration - + 13 . • 

— Apparent latitude 1 13 33 S. 

App. longitude 2 13 50 34 

J's Ion. at mid. 2 13 48 56 diff. o° i' 38" — — P. L. 2.0422 
— at noon 2 20 41 30 diff. <6 52 34^4=i°4 3 '8i"P.llo.24i8 

Apparent time of conjunftion - 12 251 — — P.L. 1.8004 


App. time emer. 1 ih. 47’ 17* 
Long, in time 

Reduced time - 11 55 53 
App. time emer. 11 47 17 
G’s right afcenf, 13 37 28 


1 24 45 

6 

Arch firft — 7 24 45 

Reduced latitude 5 6 55 — 

Obliq. ecliptic 23 28 — 

Sum — — 80 23 — 

Alt. nopagefimal 46 22 — 
Supplt. arc firft - 4 35 15 
Reduced latitude 56 55 — 

Longitude nonag. 4j 19 — 
Longitude of ftar 7 3 51 

App. diff. long. 28 32 — 
Alt. nonagefimal 46 22 — 
Latitude of ftar - 1 13 23 
Reduced parallax 58 39 

Part 1 ft par. in Ion. + 20 17 
Part 2d par. in Ion. + 3 

Parallax ia longitude 20 io 


3 

Red. parall. 58 39 Red.fem.16 3 


— — Rifing — 5.13399 

— — Co-fine — 9-73708 

— — Sine — 9.6001Z 

Nat. fine - 98595 

2 9S93 — 4-47 ”9 

Nat. co-fine 69002 Sine - 9.85960 

— — H. E. T. — 0.03040 

— — Secant — 0.26292 

— — Secant — 0.15292 

* Co-fecant — — 0.3209 

“ — Co-fecant — 0.1404 

— — Co-fine — — 9.9999 

— — P. L. — 0.4870 

— ~ P. «— — 0.9482 


Lati- 


5 ’s hor. par. 58' 29* Semidia. 15' 56" 
8 36 Redu&ion — n Augm. 4- 10 
Augmentat. + 21 Inflex. — 


Digitized by Google 


{ w ) 

Latitude of ftar - i° 13' 23'' Se&tfrfo.oool 
Alt- nonagefimal 46 22 — Secanto.1611 
Reduced parallax - 58 39 P* L. 0.4870 

Arc firft — — - 40 28 P. L. 0.6482 

"■ ~ ' .1 - 

Arc fecond — 48 — — — 


Part ift. par. in lat. 

4 i 

16 

Part 2d. par. in lat. 


24 

Parallax in latitude 

40 

5 2 

Moon’s true latitude 

28 

48 

Moon’s app. lat. 1 

9 . 

40 

Star’s latitude - - 1 

l l 

23 

Difference — 

3 

43 

Moon’s femidiameter 

1 6 

3 


Sum — — 19 46 — 

Difference — 13 20 — 


Arc firft — 16 14 — 

Parallax in longitude 20 20 


Difference — 46 — 

Conftant log. — — — — 
Star’s latitude — t 13 23 — 

j ’s hor. mot. in Ion. 3417 — 

f 

Interval — - — 711 — 1 

App. time enter. 11 47 17 


App. time conj. 1 1 44 28 
Ap. time at Gr. 12 2 51 

Long, in time - 8 23 W, 


. Co-fec. 1.6707 
*Co-fec. 0.1404 
— 0.4870 

^8? 3 2'} fccant °-° 5 ( ' >z 
P. L. — 2.3543 

t . • » 

•< 1 


X. L.. O.9593 

— — P. L. •— 1.1303 


2.0896 

— P. L. — * 1.0448 


— — P. L. — 1.6425 

— — — — 0.477* 

— — Co-fine — 9-9999 

— — Ar-co-P. L. 9-2798 

— — P. L. — 1-3993 
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CHAP. V. 


The method of finding the Longitude of a Place , 

By 

The Eclipfcs of the Satellites of Jupiter. 
Introduction. 

T HE fatellites of Jupiter were firfV obferved by Galileo in the year 
1610; who is faid to have applied them to the difcnvery of the 
longitude. This laft difcovery is however claimed by P. Herigone, 
in the fifth volume of his Curfits Mathematici, printed at Paris in 

1644. 

The facility of the computation recommends this method, and at 
land, the obfervations are eafily made; but the motion of a Olio at 
fea prevents the ufe of a telefcope proper for this purpofe. Several* 
attempts have indeed been made in order to render a telefcope ma- 
nageable in obferving the eclipfes 0/ the fatellites at fea, fuch as the 
Marine Chairs of Irwin and Fyot. The firltof thefe was fully tried 
by Dr Malkelyne, in his voyage to Barbadoes in 1763; but it was 
not found to anfwcr the expectation of the inventor. It however 
appears, that fuccefsful experiments have been made at land on the 
other ; and it is to be hoped that thefe chairs are Hill capable of im- 
provement. 

The obfervation necefTary to find the longitude of a place by this 
method, is the apparent time of an immerfion or emerfion of either 
of the fatellites, but particularly that of the firft, upon account of its 
periodic time being (hortcr than that of either of the other fatellites ; 
■and becaufe its elliptic equation, and other inequalities, except that 
■whofe period is 437 days, are infenfible. The inftruments proper 
for making the above obfervation are, a clock or watch beating fe- 
Conds, an achromatic telefcope of three or four feet focal length, and 
a quadrant or fome other inflrument proper for determining the 
error of the watch. 

An Immerfion of a fatellite, is the in ftant of its entrance into the 
{hadowof Jupiter, and an Emerfion is that of its re-appearance out 
of the lhadow. 

When the time of Jupiter’s pafTage over the meridian, as exprefTed 
in the Nautical Almanac, is lefs than xn. hours, the eclipfes of the 
fatellites happen on the eaft fide of the planet ; and when that time 
exceeds *xn. hours, thtle obfervations happen on the weft fide of 
Jupiter. In the firft cafe, the emerfions of the firft and fecond fatel- 
lites are vifible; and in the latter, the immdrfions only may be 
obferved. Both the immerfion and emerfion of the other two latel- 
litcs are generally vifible, except when Jupiter is too near the oppo- 
fition or conjunction. 

C c la 
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In order to obferve an immerfion or emerfion of any of the fatel- 
lites, the obferver muft apply to his telefcope, a magnifying power 
fuitable to the ftate of the weather; and adjuft it to diftinrt vifion, 
previous to the time of obfervation. The watch muft be contiguous 
to him, fo that he may be able to catch the fecond, as foon as the 
obfervation of the fatellite is completed. An aftiftant clock will 
Jiowever be found more convenient. The obferver is then to place 
himfelf at the telefcope, about three or four minutes before the ex- 
pefted time of an eclipfe of the firft fatellite; twice as much before 
that of the fecond or third fatellites ; and a quarter of an hour before 
that of the fourth, the longitude of the place of obfervation being 
pretty well known. If its fituation is uncertain, let four times as 
many minutes as there are degrees of uncertainty, be added to the 
above times. If the obfervation to be made is that of an immerfion, 
the obferver muft keep his eye direrted to the fatellite, till it difap- 
pears ; but if it is an emerfion, he muft keep his fight direrted to 
that part of the (hadow, from which he experts the fatellite to 
emerge; and the inftant of the laft appearance of the fatellite, if the 
obfervation is that of an immerfibn, or that of its firft appearance if 
an emerfion, muft be wrote down, and the obfervation is completed. 

If an aftronomical eye glafs is ufed, it muft be remembered, that it 
inverts objerts, making that which is the right fide, apparently the 
left — et contra. 

The eclipfes of Jupiter’s fatellites are given in the Nautical Alma- 
nac, in page in. of the month. Thofe vifible at Greenwich are mark- 
ed with an afterifk. 


Problem I. 


To find, if an Eclipfe of one of Jupiter’s Satellites will be vifible at 
a given Place. 

Rule. 

To the apparent time of the eclipfe at Greenwich, as given in the 
Nautical Almanac, apply the eftimate longitude of the given place, 
by addition or fubtradion, according as it is eaft or weft, and the 
apparent time nearly, by the meridian of the place, will be known. 

Now if, at the reduced time, the altitude of Jupiter exceeds fix or 
eight degrees, and adjacent ftars of the third magnitude vifible to 
the naked eye, the eclipfe may be obierved; but if the fun is above 
the horizon, it will be invifible. 


Examples. 

* 

I. Will the immerfion of the firft fatellite of Jupiter, of 17th 
January 1792, be vifible at Eafter ifland ? 

Appa- 
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Apparent time of immerfion at Greenwich t ih. 48' 42" 
Longitude of £ after ifland in time — 7 19 7 W. 

Eftimate time of obfervation — — 4 29 35 

This eclipfe will not be vifible, becaufe at the reduced time the 
Sun is above the horizon. 

II, Will the emerfian of the fecond fatellite of Jupiter of 25 May 
1792, be vifible at Achem, in latitude 5 0 22' N. and longitude 
95 0 34' E.? 

Apparent time of emerfion at Greenwich — - 6h. 2' 46" 
Longitude of Achem in time — — 6 22 16 


Apparent time of emerfion at Achem — 12252 

The fun is confiderably under the horizon at the above time ; this 
eclipfe will therefore be vifible, provided the altitude of Jupiter 
exceeds 7 or 8 degrees. Now, to the latitude of the place 5® 22 ' N. 
and Jupiter’s declination 7 0 24' S. the lemidiurnal arc is about 5h. 57'. 
the time of Jupiter’s tranfit over the meridian of the place is 9I1. 14'. 
hence the time of the rifing of Jupiter is 3b. 1 7', and that of its fet- 
ting 15 b. 1 1'. The altitude of the planetis therefore fufficient for the 
above obfervation. 

Problem II. 

3~o find the Longitude of a Place , from an Obfervation of an Im- 
metfion or Emerfion of one of the Satellites of Jupiter. 

Rule. 

To the obferved time of the eclipfe, apply the error of the watch 
for apparent time, deduced from an obfervation of the altitude of 
the Sun, or a fixed ftar, taken as near the time of the eclipfe as poC. 
fible. Hence the apparent time of obfervation will be known. The 
difference between this time, and that given in the Nautical Almanac 
will be the longitude of the place in time : being eaft or weft, 
according as the time by obfervation is later or ealier than the 
Greenwich time. 1 ’ 

Example. 

I. December 9, 1791, an immerfion of the firft fatellite of Jupiter 
was objprved at i6h. 58' 35'' per watch, which was 3' 58" flow for 
apparent time. Required the longitude of the place of obfervation ? 

C c 2 Time 


V 


Digitized by Google 


f 196 ) 

Time per watch of obfer a f ion — i6h. 58' 35" \ ' 

Watch flow — — — 358 

Apparent time of obferv?tion — 17 2 33 

App. time at Greenwich, per N. Aim. 13 42 33 

Longitude in time — — 3 20 o = 50" o' 

Which is eaft, becaufe the time at the place of obfervation is later 
than the time at Greenwich. 

IT. May 27, 1792, in latitude 31 0 18' N. and longitude by ac- 
count 41° 20' W. the emerfion of the firfl fatellite of Jupiter was 
obfervcd at toh. 25' 33" per watch. In order to find the error of 
the watch, the following altitudes of Regulus were obferved. Re- 
quired the longitude of the place of obfevation ? 

Time per watch ioh. 28*20" Altitude 19 0 4 <? 

29 30 — 19 3 * 

30 46 — — 19 *7 

32 2 — — 19 o 

33 < 3 — — 18 46 

3 41 — — 80 

Mean — 10 30 44 — — 19 1(5 

Dip to 1 2 feet — 3.3 

Refra&ion — — 2.7 

Corrected altitude 19 10 

Latitude — 31*18' — — — .Secant - 0.06831 

Declination of Regulus 1 1 58.5 — — — Secant - 0.01123 

Mer. zenith diftance - 18 19.5 Nat. co-fine 94928 
Altitude Regulus — 19 10.0 Nat. fine - 32832 

Difference - 62096 log. 4.79306 

Meridian diff Regulus 5 1 5 — — Riling - 4.87260 

Right afcenf. Regulus 9 57 18 

Right afcen. meridian 14 58 23 
Sun’s R. A. at noon - 4 19 43 

Approximate time — 10 38 40 
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Approximate time - io 38 40 

Eq tab. xvtn. to q's 1 

R. A. & time of em. at 5 — 2 15 

Greenwich — — ) 

Apparent time — 10 36 25 

Time per watch — 10 30 44 


Watch flow — — 5 4 * 

Time per watch of em. 10 25 33 


Apparent time — 10 31 14 

App. time at Greenw. 13 20 8 

Longitude in time — 2 48 54 = 42 0 13I' W. 


III. December 31, 179a, in latitude 39 0 35' S. longitude 48° E. by 
account, the immerfion of the fecond fatellite of Jupiter was obferv- 
ed at 1 5h. 32' 18" per watch; and, previous thereto, the following 
altitudes of Canopus were obferved, the height of the eye being 8 
feet. Required the correft longitude? 


Time per watch 1411.56' 50” 

Altitude 53 0 44 


14 5 8 4 

— — 33 


*4 59 3 <* 

— — 19 


*5 1 *5 

— — 4 


35 45 

100 


Mean S 14 58 56 

— • — 53 2 5 


Dip 

— — - 2.7 


Refraftion — — .7 


Altitude corretted 53 21.6 


True altitude — 53 0 21 '.6 



Polar diilance — 37 24.7 

— — Co-fecant — 

to.21643 

Latitude — 39 0 35 

— — Secant — 

0.11312 

Sum — — 130 21.3 

Half — 65 10.7 

— — Co-fine — 

9.62304 

Difference •— 1 1 49.1 

— — Sine — — 

' 9 * 3 1 *35 


-» Sine — • — 

19.26394 

Arch *— 2 s 22 *- 

9.63197 


Arch 
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25 22{ 

8 


Mer. diftance Canopus 3 22 59 
Right afcen. Canopus 6 19 22 

Right afcenfion merid. 9 4221 
e’sR.A.atGreen .7 
time of immerlion 3 J 


Apparent time — 14 33 49 

Time per watch — 14 58 56 


Watch faft — 5 7 

Obferved time of im. 15 32 18 


App. time of immer. 15 27 11 
App. time p. N. Aim. 12 13 4 


Longitude in time - 3 14 7 2; 48° 3 1{' E. 

Becaufe the time at the place is later than the Greenwich time. 

When it is required to fettle the longitude of a place, as accu- 
rately as poffible by this- method, fevcral immerfions and emerfions 
of the fame fatellite muft be obferved. The mean longitude, as 
given by the immerfions, is to be found, and alfo that deduced from 
the emerfions. The mean of thefe will be the longitude of the place, 
unaffefted by the. errors arifing from the telefcope, and is therefore 
more to be depended on, than that deduced from a Angle obferva- 
tion. If the comparifon be made with correfponding obfervations 
taken at another place, the difference . of the meridians of thofe places 
will be accurately found. 

. Bs* 


Digitized by Google 



it 



k 


( m ) 

Determination 

Of the Longitude of the Obfervatory at Aberdeen, by obfervations 
of the eclipfes of the fatellites of Jupiter. 

Thefe obfervations were made with one of Dollond’s four feet 
achromatic telefcopes ; and the powers ufed were about 80 and 1 1 5, 
according to the ft ate of the atmofphere. The time per clock of 
obfervation was reduced to apparent time, and compared with the 
Nautical Almanac. Upon this account, it is thought proper tofub- 
join only the refults, as given by the obfervations of the firft an l fe- 
cond fatellites. 


First Satellite. 



Month 

Long.' by 

Year 

and Day. 

I mm. 

Emer. 




/ tt 

1786 

d* Jan. 3 


8 21 


V — 19 

t n 

8 9 


S Sept. 1 8 

8 36 



$ — 20 
TP Dec. 7 

8 59 

7 47 


IP — M 


7 23 


b — 3 ° 


8 9 

00 

h* 

D Jan 8 


8 32 


» — »5 


8 2 S 


D — 22 


8 11 


$ — 3 1 


8 28 


? Feb. 23 

tp oa. 25 

9 13 

8 25 


$ Dec. 26 


8 S3 


? — 28 


8 23 

>H 

**'■4 

OO 

00 

? Jan. 4 


7 S‘ 


O — 27 
0 Dec. 14 

9 3° 

7 43 


O — 21 

9 S 


1789 

Tp Jan. 22 


CO 

CO 

■**4 

1791 

<3* March 1 

9 20 


Sum — 43 197 

Mean — 9 7.1 8 13. 1 

9 7.1 


17 20.2 

Mean longitude 8 40. 1 


Second Satellite. 


Year 

Month 
and Day. 

Longitude by 
Imm. | Emer. 

sj 

00 

Os 

5 Sep. 18 

/ n 
8 12 

/ 


cf Nov. 7 

9 43 

/ n 


b Dec. 2 


8 11 

1 787 

2 Jan. 3 


9 29 


0 Feb. 4 


9 2 


£March8 


9 9 


J Dec. 2 1 


7 36 


J Dec. 28 


7 28 

1788 

? Jan. 4 


8 25 


O May 1 1 


8 52 

1789 

Tp Jan. 22 


7 21 


D Dec. 9 

8 49 


I 79 1 

b April 9 8 45 | 


Sum - 

209 

213 


Mean — 8 52.2 8 23.6 
8 52.2 


75-8 

Mean longitude - 8 37.9 

Mean by firft fat. - 8 40. 1 


Long, of Obfervatory 8 39.0 
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CHAP. VI. 



The Method of finding the Longitude of a Ship at Sea % 

By 

A Chronometer or Time Keeper. 

Introduction. 

W E are indebted to Gemma Frifius for the difcovery of this cele- 
brated method of finding the longitude of places. It is alfo 
mentioned by Adrian Metius, Blundevil, and others. The recommen- 
dations of this method are, fimplicity of principle, and the fhortnefs 
of the neceffary calculations; and were it poffible to obtain a watch, 
at a reafonable price, that would keep an uniform rate in every dif- 
ferent pofition and climate, it is more than probable, that no other 
* method for this purpofe would ever be pradtifed at fea. 

About the year 1664, Mr Huygens applied himfclf very diligent- 
ly to the improvement of timekeepers. In his paper on this fubjeft, 
in the Phil. Tran. No. 47, he recommends two watches, fo that in 
cafe the one fhould meet with any accident, the other may be ftilt 
fafe. He then fhows, how carefully the watches fhould be kept, 
the manner of fetting them to mean folar time, under a given meri- 
dian, and of finding their daily rate; and the difference of longitude 
between the fhip and the place to which the watches were regulat- 
ed. Laftly, he gives a fpecimen of their utility in Major Holmes’ 
voyage to the ifland of St. Thomas. 

Soon after the publication of the reward offered by the Britifh 
Parliament in 1714, for the difcovery of the longitude at fea, Mr 
Henry Sully applied himfelf to the improvement of watches; but 
he died at Bourdeaux, at the time he was engaged in making expe- 
riments on his time-keeper. The next in France who profecuted 
this branch were, M. Julien le Roy and Son, and M. Berthoud. 
Time-keepers of their conflrudtion underwent a trial, by order of 
the French King, but were not found to anfwer the intended pur- 
pofe. 

In England, Mr John Harrifon applied himfelf with indefatigable 
jnduftry, to the improvement of timekeepers — and his fuccefs there- 
in juftly merited the attention of the public. In the year 1736, he 
made trial of his firfl machine in a voyage to Lifbon, and found it to 
anfwer his expectation. In his return to England, he corrected the 
dead reckoning about a degree and a half. The following year, the 
Board of Longitude w r ere pleafed to give him a gratuity, and defir- 
ed him to profecute his difeoveries. 

In 1 739»he completed a fecond machine more perfeCt than the firfl; 
and in 1741, he produced a third, which according to the report of 
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Tome of the members of the Royal Society, was more commodious, 
and more Ample than either of the former. In 1761, he completed 
his fourth timekeeper, for the trial of which his fon Mr. William 
Harrifon made a voyage to Jamaica. Before his departure, the er- 
ror and rate of the timekeeper were determined by Mr. Robertfon, 
matter of the academy at Portfmouth. Its error on the 6th of No- 
vember at noon was 2' 57" fall; on the 7th, it was put back 3'; its er- 
ror therefore, reduced to the 6th at noon, was 3" llow; and it was 
found to have loft 24" in 9 days, on mean folar time. 

Mr. Hafrifon failed from Portfmouth in the Deptford, November 
18, 1761, and arrived at Madeira, 9th December following. During 
the courle of this part of the voyage, the timekeeper was found of 
great utility, having correfled the longitude by account, about a 
degree and a half. In the palTage from Madeira to Jamaica, the lon- 
gitude by account was found to differ from that given by the time- 
keeper, above 3 degrees ; and the iongitudes of thefevcral iflands by 
which the Ihip patted, agreed with the lame as given by the time- 
keeper. The Deptford arrived at Jamaica, January 19, 1762; and by 
equal altitudes, obferved at Port Royal, the 26th of the fame month, 
the time of mean noon by the timekeeper was found to be 4h. 59' 
Y'-Si t0 which (3 ri j its error, Nov. 6th at noon, and rate (3' 36". 5 

— — ^ being applied, gives jh. 2' 47" the mean time at 

Portfmouth of noon at Port Royal, and which is therefore the lon- 
gitude of Port Royal in time, according to the timekeeper; but the 
longitude of the fame place, deduced from the tranlit of Mercury 
obferved at Kingfton and reduced thereto, is i;h. 2' 5 1", the difference 
of which from the former is only 4" of time, which in the parallel 
of Jamaica is lefs than one nautical mile. 

On the 28th of January 1 762, Mr Harrifon failed from Jamaica 
in the Merlin, and fome time after, met with a violent ftorm, which, 
obliged him to remove the timekeeper to another place where it was 
moreexpoled than before. The Merlin arrived a’ Portfmouth, March 
26, and by equal altitudes ohferved the 2d of April, the rime of 
mean noon was iih. 5 i r 3 1''»5 * to which its former error f3"iand 

accumulated rate during the interval ^6' 32" = 8" <49 — ^ X ' ^ 


z ) 


g 

being applied, gives iih. 58' 6"-5, the time of noon. Hence, 
from Nov. 6, 1761, to April 2» 1762, during which period, the 
timekeeper had patted through a variety of c imates, and und rgone 
violent agitations atfea, its error was no more than 1' 53".$, or 28'J. 
of longitude, which, in the parallel of Portfmouth, does not amount 
to 1 3 nautical miles. 

Several objeflions were made to this trial. However, in 
confideration of the accuracy of the timekeeper in the above vovage 

Dd Mr, 


Digitized by Google 


■'*1 


( 202 ) 

Mr. Harrifon received 5000I. and was ordered to make a fecond trial, 
in a voyage to Barbadoes. He accordingly failed from Portfmouth 
oil the 28th of March 1764, in his Majefty’s fhip the Princels 
Louifa, having previoufly fettled the error and rate of the timekeep- 
er. He arrived at Barbadoes the 13th of May, and returned to 
England the 1 3th of September following, and in that interval, its 
accumulated rate was only 54" of time — in confequence of which, 
the Board of Longitude unanimoufly agreed, that Mr. Harrifon’s 
watch had given the fbip’s longitude in thefe trials within the limits 
prefcribcd by aft of Parliament. He therefore received 5000I. 
and was promifed the remainder of the reward, as foon as it was 
found that a proper timekeeper, conftrufted on the fame principles 
by another perfon, was found to anfwer equally well. 

The above inftrument,* together with its explanation, were deli- 
vered to the Board of Longitude — which being examined by a com- 
mittee appointed for that purpofe, the following report was made — 
“That Mr Harrifon has taken his time-keeper to pieces, in prefence of us, 
and explained the principles and conflruElton thereof, and every thing rela- 
tive thereto , to our entire fatisfaHion , and that he alfo did, to our fatisf ac- 
tion, anfwer every queflion pripofed ky us or any of us relative thereto; 
and that we have compared ■ the drawings of the fame with the parts , and 
do fnd that they perfeclly correfpond. 

The Board of Longitude ordered Mr Kendal (one of the committee) 
to conftruft a timekeeper upon the fame principles. This inftrument 
was committed to the care of Mr. Wales, in his voyage round the 
world with Capt. Cook, in the years 1772, 1773, & c. and its fuccefs 
was fuch, that in 1774, Mr Harrifon received the remaining part of 
the reward offered by Parliament. 

Of late, feveral improvements have been made in chronometers; 
particularly that of a new balance fpring, and an improved thermo- 
meter piece, or a compenfation for the effefts of heat and cold in the 
balance, by Mr. John Arnold, for which he claimed one of the new 
rewards offered, for improvements in difcovering the longitude. In 
1780, he publifhed an account of the going of a pocket chronometer, 
kept at the Royal Obfervatory, in which he oblerves, that its great- 
eft error in the period of thirteen months, during which time it was 
under trial at the Royal Obfervatory, was 2' 32".2, which in the 
Channel Kvould amount to about 25 geographical miles: and that 
during the laft eight months of trial, the extreme differende did not 
amount to one minute of time, or about 1 o miles in the Channel. 
That, during the whole period of 13 months, there were only four 
days in which the daily difference amounted to' three fecotids per 
day ; fo that this machine, in its prefent improved ftate, is well 
adapted to (hew the effeft of currents, and to determine with great 
exaftnefs the run of a fhip, from day to day. He conclude by 

ob- 

* The anther had the yleafure of feeing Harrifon’s maoh'mci at the Royal Obfir* 
ratoiy in the year 1 790. 
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oblerving, that the chronometer is better adapted for determining 
the relative longitude of places, by a comparifon with the longi- 
tude of thofe which have been determined by a feries of agrono- 
mical obfervations on Ihore, than any other method which can 
be praftifed at fea.f 

The utility of a timekeeper at fea, is fully exemplified, in the 
quarto edition of Cook’s laft voyage, vol. i. page 46. vol. m. pages 
321. 479. to which the reader is referred. 

In order to find the longitude at fea, by means of a chronome- 
ter, its daily rate on mean folar ^or fiderial) time, mufl be eflablilhed 
by obfervations made at fome particular place, and its error afcer- 
tained, for the meridian of that, or any other known place. . 

An Obfervatory is the mod proper and convenient place for this 
purpofe, as there the rate and error may be both determined, with 
the utmoft accuracy, by equal altitudes, or rather tranfits of the Sun 
or fixed liars. But if an obfervatory is not adjacent, the rate and 
error of the chronometer may be found by altitudes taken daily for 
feveral days, from the horizon of the Tea, or by the method of re- 
flexion. 

If, by thefe obfervations, the daily rate is found to be nearly the 
fame — that is, if the chronometer gains or lofcs nearly the lame por- 
tion of abfolute time daily, it may be depended on for finding the 
longitude; but if its rate is unequal, it mud be rejected, as the lon- 
gitude inferred from it cannot be depended on. 

Prob‘ 

f In the month of July 1788, a Chronometer of Arnold’s conflruflion, belonging to 
liis Grace the Duke of Gordon, was put under the care of the author, in order to 
alcertain its rate in mean folar time ; in doing which, the greateft care imaginable was 
taken. ft was always compared at noon with the Obfervatory clock, whofe error was 
generally determined by tranfits of the Sun, which were obferved with one of Raraf- 
den’s Tran fit Inftrumcnts; and which, previous to every obfci ration, was levelled 
and adjufted to the meridian mark on the Grampian Hills, about 13900 fect diftant 
from the Obfervatory. The mark is feen again ft rhe Iky, and has a dr ular perforation 
dn its top, of fuch a fize, that the muluie wire of the tranfit inftrument covers about 
a third, and therefore a fegment of light is feen on each f;de. 

The obfervations began on the 15th of July, and continued regularly f ir feveral 
months, in which time it was tried in every different portion. In whit follows, its 
rate, while in a horizontal pofition only, is given. 


Daily rate. 

Therm. 

No. of days. 

Daily rate. 

Therm. 

No. of days, 

■ — 3"-99 

<>S 9 

7 

— 4"- 6 3 

60 

? * 

— 5.60 

60* 

7 

— 4 64 

60 

7 

— 4-^9 

S 9 i 

7 

— 4.?0 

5 7i 

s 


The piicr of this inftrument is 60 guineas. It is in form of an o&agon, the radius 
of the ci’cumfcribing circle is 3.44 inches, and its depth is 3.3 inches— the cate is ma- 
hogany ; it has a bow handle for lifting it, and the whole is put into a mahogany box, 
10.1 inches fquare, 6.4 inches deep, having its infide lined with foft elaftic fubftances, 
to prevent the effects of fudden ftiocks, Thefe chronometers beat hall fcconds. 
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Problem. 

To find the Longitude of a Slip at Sea by a Chronometer. 


Rule. 

Let feveral altitudes of the Sun, or of any fixed Aar, be obferv- 
ed; and correft the mean altitude as uiual — with which, the (hip’s 
latitude, and objtdf’s declination, compute the apparent time of ob- 
iervation, to which apply the equation of time, reduced to the time 
and place of oblervation, according to its title in the Nautical Alma- 
nac, and hence the mean time of oblervation will be known. 

To the mean of the times of oblervation, as fhown by the chro- 
nometer, apply its error and accumulated rate. Hence the mean 
time, under the meridian of the place where the error and rate were 
eftabidhed, will be known; to which apply the difference of longi- 
tude in r ime between the given place and Greenwich — and the mean 
time of oblervation under the meridian of Greenwich will be ob- 
tained. Now the difference between the time at the place of obler- 
vation and that at Greenwich, will be the longitude of the place in 
time; and which is eall or weft, according as the time by obl'erva- 
tiou is later or earlier than the Greenwich time. 


Examples. 


I. May 18, 1792, in latitude 42 0 15' N. the following altitude? 
of the Sun’s lower limb were obferved in the afternoon, and the 
times of obfetvation were given by a chronometer, whofe error, as 
fettled at the Royal f)bfervatory at Greenwich, March 15. at noon, 
was 1' i 8'\4 faft for mean time, and its daily gain was 7."83- Re- 
quired the longitude of the place of oblervation? 


Time per chronometer 611.58' 40" Altitude Sun’s. 1 . limb 

6 59 36 — — — — 

7 051—— — — 

7 2 12 — — — — 

7 3 21 — — — — 


43 9 2 4' 
43 33 
43 44 

43 57 

44 7 


4 40 225 

Mean — — 70 56 Mean — — 43 45 

Error *■ — — — 1 18 Semidiameter — + 15.8 

Accumulated rate - - — 8 23 Dip — — — 4.9 

— Correffion — — .9 

Mean time at Grcenw. 6 51 15 

Correff ed altitude 43 55 

To 
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To latitude 42° 15'N. and reduced declination, the number from 


Table xxvu. — 
Altitude 43° 55' 

— 4.I57* 

Sine - 9.8411 

Table xxvui. = 

327Z 


3.9982 

Natural number — 

9959 

Apparent time 

— 3 *2 8 

Table xxtx. — 

6687 


•Equation of time - — 3 53 


Mean time of obfervat. 3 8 15 

Mean time at Greenw. 6 51 15 


Longitude in time — 3 43 9 — 55 0 45'W. 

II. Oftober 17, 1791, in latitude 57* 9' N. the following alti- 
tudes of the Sun’s lower limb were obferved, the height of the eye 
being 13 feet. The time was (hown by a watch, whole error and 
rate were fettled at the Obfervatoyy at Aberdeen ; the error, Ofl. ift, 
was 3' 1 1" fall, and it loft 4 ".6 daily. Required the Ihip’s longitude? 


Tune per watch — 7I1. 12' 8" 

A. M. Alt. o’s 1. limb 

7° *4' 

7 13 0 

— — — — 

7 20 

7 *4 7 

~~ — — 

7 27 

„ 9 *5 


61 

Mean — — 7 13 5 

— — — — 

7 20.3 

Error — — —311 

Semidiameter — 

+ 16. i 

Accumulated rate — -f 1 13 

Dip and corretftioQ 

— 10.4 

Mean time at Aberdeen 7 1 1 7 

Correfted altitude 

7 26 

Longitude of Aberdeen + 8 3 6 

Equation of time — 4- 14 33 



Apparent time Green. 7 34 16 A. M. 


To lat. 57 0 9'N. and reduced decl. 9 0 io'.j S. the number from 

Table xxvu. = 4-27*? 

Altitude 7® 26' Sine - 9.1118 

Table xxxvui. — 

2547 

3-3833 

Natural number = 

24*7 

Time from noon - - - 4 057 

Table xxix. — • 

4964 

Apparent time — 7 59 3 

App. time at Greenwich 7 34 16 




Longitude in time — 24 47 = 6° roj' E. 


in. 

• If the equation of time be applied, with a contrary to the mean time of ob. 
fertatioa by the chronometer, it will girt the fame refult. 
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III. February 2, 1792, being in latitude 15 0 48' N. the mean 
of feveral altitudes of Spica Virginis, eaft of the meridian, was 53 0 
24', and that of the correfponding times 15b. 18' 22" per watch, 
which had been fet to mean folar time at Rio Janeiro, December 4, 
1791, and was then gaining 53".8 daily on mean time. The height 
of the eye was 16 feet. Required the longitude of the fhip? 

■ Daily rate — — — — — 5 3. ”8 

No. of days between 4th Dec. 1791, and 2d Feb. 1792 60 


Gain in 60 days — — — — 53' 48/ 

Now ijh. 18' — 54' = I4h. 24', in which time it gains 32 


Accumulated rate — — — 54 20 

Time per watch of obfervation — — 15 18 22 


Mean time of obfervation at Rio Janeiro — 14 24 2 

Longitade of Rio Janeiro in time — — 2 50 55 W* 


Mean time at Greenwich 
Equation of time — 

Apparent time at Greenwich 

Mean of ob. alt. = 53 0 24'. 
Dip and refra&ion — 4.5 


— — 17 14 57 

— — 14 14 


— — 17 0 43 

Sun’s R. A. at noon 2ih. 3' 42' 
Equation, tab. xvm. + 2 53 


'.-Altitude correfted 53 19.5 Reduced right afcen. 21 6 35 

To lat. 1 5 0 48' N. and reduced decl. io° 6' S. the number from 


Table xxvii. = 

Altitude 53 0 19*' Sine - 

4-0235 

9.9042 

Table xxvm. = 

0504 


3-9277 

Natural number — 

8467 

Mer. dill. Spica Virg. ih. 
Right afc. Spica Virg. 13 

44' S3" 
14 15 

Table xxix. — 

897 1 

Right afcen. merid. 1 1 
Sun’s right afcenfion 2 1 

29 22 
6 3 5 



Apparent time — 14 
App. time at Greenw. 17 

22 47 
0 43 


* • 

Longitude in time - 2 

37 56 = 

39? 29' W, 



Auguft 
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IV. Auguft 15, 1792, in latitude 38° 19' S. the mean of feveral 
altitudes of Antares, weft of the meridian, was 14 0 28'.4, the 
height of the eye being 12 feet, and the mean of the times per 
■watch nh. 41' 3 8" P. M. which had been compared with mean 
.time at the Cape of Good Hope, June 21ft, and was found to be 
ih. 10' 28" flow, and gained 3 ''.54 daily. Required the (hip’s 
longitude ? 

Daily gain — — — — — 3 ff -54 

Number of days between 21ft June and 15th Auguft 55 


Gaininjydays — — — — 3 14.7 

The Green, time bf obf. is about 1 1 h. 3 5', and corr- gain 1 . 7 


Accumulated rate — — — — 3 16 

Error, 21ft June — — — — 1 10 28 


Watch flow at time of obfervation — 1 7 12 * 

Time per watch of obfervation — — 114138 

Mean time of obfervation at Cape of Good Hope 12 48 50 
Longitude of Cape of Good Hope — 1 *3 33 E. 


Mean time at Greenwich 
Equation of time — — 

Apparent time at Greenwich 


Obferved alt. Antares = 14 0 28'.4 
Dip and refraftion - - — 6.9 


Corrected altitude - 

- 14 

21.5 

Polar diftance — 

64 

2.7 

Latitude — — 

■ 38 

19.0 

Sum — — 

1 16 

43-2 

Half — — 

58 

21.6 

Difference — 

44 

O.I 

Arch — — 

45 57 
8 

Mer. dift. Antares 

— 6 

7 3 <* 


— 11 35 17 

— — - 3 52 


— — 1 1 3 1 25 

Sun’s R. A. at noon 9 42 17 
Equation, table xvm. 4- 1 44 

Reduced right afcen. 9 44 1 

— — Co-fecant - 0.04618 

— — Secant — 0.10535 

— — Co-fine — 9.71981 

— — Sine — 9.84178 


19.71312 

— — Sine — 9.85656 


Right 
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* # 

Mer. dift. Antares — 6 7 36 
Right al'cen. Autares- 16 16 43 

Right afcen. meridian 22 24 19 
Sun’s right afcenfion 9 44 1 

Apparent time — 12 40 18 

Apparent time at Green. 1 1 31 25 

Longitude in time - - j 8 43=17° 10$ E. 

In praflice, it will be found very convenient to have a table con- 
ft r tufted, (hewing the error of the chronometer at the noon of every 
day for feveral weeks, or during the eftimated time of the run to a 
place where its error and rate can be again fettled. To this table 
a column fttould be added, containing its hourly rate continued up 
to 24 hours. 

Thus — fuppofe the daily rate of a chronometer, deduced from 
a feries of oblervations, was — 4. "72, and its error for mean time. 
May 9, 1797, at noon, was 3' 5 8".6 flow — then 


Error of Chronometer at Mean Noon. Hourly Rate. 


& 

May 

9. Error =? 

3 ' 

1 

hour 

— 

o".2 

u 

— 

10 — 

— 

4 3-3 

2 

— 

— 

C.4 

'41 

— 

1 1 — 

— 

4 8.0 

3 

— 

— 

0.6 

¥ 

— 

12 — 

— 

4 12.8 

4 

— 

— 

0.8 

h 

— 

13 — 

— 

4 i 7-5 

5 

— 

— 

1.0 

0 

— 

14 — 

— 

4 22.2 

6 

— 

— 

1.2 

j 

— 

1 5 ~ 

— 

4 26.9 

7 

— 

— 

1.4 


— 

1 6 — 

— 

4 3 1 - 6 

8 

— 

— 

1.6 

$ 

— 

17 — 

— 

4 3 6 4 

9 

— 

— 

1.8 

3 ? 

— 

18 — 

— 

4 4 t-i 

10 

— 

— 

2.0 

? 

— 

19 — 

— 

4 45-8 j 

1 1 

— 

— 

2.2 

~b 

— 

20 — 

— 

4 5°-S 1 

12 

— 

— 

2.4 


Determination 

Of the Longitude of the Obfervatory at Aberdeen, by a Chronometer 
of Arnold’s conftruftion. 

1 The chronometer was fet to mean folar time at Greenwich, June 
16, 1788, and loft 7".5 in eleven days. It was fent to Aberdeen 
by fea, and being compared with the obfervatory clock, July 15, it 
was found to be 7' 2 6". 6 fall; and was lofing 6".4 daily. It is hence 
probable, that the motion of the (hip had altered its rate. Now, 
fuppofing this alteration to have commenced when the (hip left Lon- 
don, 
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don, which was July 8, its error at that time for the meridian of 
Greenwich was if.o, from which time till July 1 5, it had loft 
44".8 (=6". 4 X 7) its rate being fuppofed uniform. Hence its error 
for the meridian of Greenwich, July 15, at noon, was — 59"- 8; 
But its error for the meridian of the obfervatory at Aberdeen, at the 
fame time, was + 7' 26".6. Hence the longitude of the obfervatory 
is 8' 2 <S".4 in time. 


CHAP. VII. 

The Method of finding the Longitude at Sea, 

By 

The Variation Chart. 

Introduction. 

T HE principle employed in the former methods of determining 
the longitude of a place, is that of finding the difference of 
time between the place whofe longitude is wanted, and the firft 
meridian. In this, the variation of the compafs is ufed for the fame 
purpofe. In order therefore, to difeover the longitude by this me- 
thod, charts muft be conftrufted, in which the variation of the com- 
pafs at all different places of the earth, is reprefented by curve lines, 
accurately drawn from obfervation. Now the variation being ob- 
ferved at the (hip, and compared with the correfpondent variation 
on the chart, the longitude anfwering thereto will be obtained. 

Meff. Nautonier and Linton appear to have been the firft who pro- 
pofed the variation of the compafs for the difeovery of the longitude 
at fea. In 1676, Mr. Henry Bond publifhed his Longitude Found In. 
4to. But the want of a fufficient number of obfervations rendered 
this method of little or no fervice at that time. 

In 1700, Dr. Halley publifhed the firft variation chart, from z 
great number of obfervations, which for many years he had been 
colicfling for that purpofe. As the variation is, however, fubjeft 
to an annual change, this chart therefore, in a few years, became 
almoft ufelefs. In the years 174.1 and 1756, it was re-publifhed at 
London by Meff. Mountaine and Dodfon from near one hundred 
thoufand obfervations. It was alio publifhed at Paris in 1 765, by 
hi. Beilin. Variation charts, adapted to different years, have been 
publifhed by Mr. Samuel Dunn. 

Although many of the obfervations, ufed by Dr. Halley, and his 
followers in the conftruftion of variation charts, were accurate, 

E e yet 


Digitized by Google 


( 210 ) 

yet it is not to be expelled, that this was the cafe with them all, and 
therefore it is not probable, that any curve drawn according to thefe 
oblervations, reprefented the actual variation at all places through 
which it palTed, or which is the lame, it will not be a line of equal vari- 
ation. It fhould alfo be remembered that thefe curves ate fubjedl to a 
change of place and figure. 

This method of finding the longitude, is liable to a very great de- 
gree of uncertainty at thofe places where the variation lines coin- 
cide with a parallel of latitude, or where they are nearly in that 
direction. This happens in the tract between the fouthern parts 
of Europe and North America, and in fome parts of the Pacific 
and Indian Oceans. But, in places where the variation lines are in 
a direction perpendicular to the former, a tolerable exadt folution 
to this problem may be obtained, provided a good chart, adapt- 
ed to the time of obfervation, is ufed. This, however, will be 
difficult to be procured, until theory and obfervation are blended 
together in the conftruftionof variation charts. 

Another and very particular objeftion againft the pradfice of this 
method, was the want of a proper inftrument to obferve the mag- 
netic azimuth with accuracy, in order to determine the variation of 
the compafs.* This is however now removed, by the invention of a 
new azimuth compafs, by Mr M'Culloch, which is fo conftrudled, . 
that the centers of motion, of gravity, and of magnetifm, are brought 
almofl all to the fame point. This inffruments has all'o many other _ 
advantages over the common azimuth compafTes. An account of its 
great utility and fuperiority over them may be feen in his Report, 
printed at London in 1789. 

Problem I. 

Given the Latitude of a place , and the variation of the compafs > to 
find the Longitude of that place. 

Rule. 

Draw a line to reprefentthe parallel of latitude of the given place, 
and its interfedfion with the line of the given variation will be the 
lituation of the given place ; and hence its longitude is known. 

When the given variation falls betwe en two of the lines of equal 
variation on the chart, allowance is to be made as ulual, and, if the 
given time differs confiderably from that to which the chart is adap- 
ed, allowance is to be made for the change of variation in the inter- 
val. 

Examples. 

I. Let the fhip’s latitude be 13 0 10' S. and the variation of the 
compafs io° 30' W. Required the longitude? 

By 

* See alfo Cook's Iaft voyage, fecund edit? <fto. vol. I* page 50. 
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By laying a rule over 13 0 10' S. the given latitude, in a direction 
parallel to the equator, it will be found to intcrfett the line repre- 
fenting io° 30' W. variation, in a certain point, the longitude of 
which is about 9 0 20' W. 

II. June 1, 1793, being in latitude 40 0 o' S. the variation of the 
compafs deduced from the mean of lcveral azimuths of the fun was 
io° E. and by comparing two variation charts, the lateft of which 
being adapted to the year 1765, it is found that the annual decreafe 
of variation is about 10 minutes. Required the (hip’s longitude? 

The decreafe of variation in the given time is about 4 0 40' 
(= 10' x 28 y.); hence the obferved variation reduced to the time to 
■which the chart is adapted is about 14 0 40' E. Now by drawing 
the parallel of 40° S. its interfeftion with the line expreffing the 
above variatiou, is found to be in longitude 56° 30' W. which is. 
therefore that required. 

Although the variation chart, in many cafes, is not to be depended 
on, for the purpofe of determining the longitude at fea ; yet its ufe 
in finding the variation of the compafs anfwering to a given latitude 
and longitude by infpe&ion only, is evident. Upon this account, it 
demands the particular attention of the praftical navigator. 

Belides the above chart, another expreffing the lines of equal DIP, 
was publifhed in the year 1768, by M. Wilckc of Sweden. By a 
chart of this conftrudtion Mr. W. Whifton propofed to find the lati- 
tude, the longitude being given ; or the longitude, if the latitude 
be known. If both methods be combined, the latitude and longi- 
tude may be found, the Declination and Inclination of the needle 
being given. For this purpofe, a chart expreffing the lines of equal 
variation and dip is neceflary. 
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CONTAINING 

The Demonflrations of the preceding Rules and Formula. 


Demonstration 

Of Dr. Ma/ielyne’s Rules for computing the Longitude and Latitude of a 
fixed Star or Planet, from its known right Afccnfion and Declination, 
and for computing its right Afccnfion and Declination; its Longitude 
and Latitude being given, Pages 22. 23. 

T ET the primitive circle, (fig. 2.) reprefent the folftitial colure, 
I j EQjhe equator, as 10 the ecliptic, and S the pofition of a 
ftar or planet, through which let circles of latitude and declination 
be drawn. Then is t A the right afcenfion, AS the declination; 
T B the longitude, and BS the latitude of the Bar : and the angle 

A t B the obliquity of the ecliptic. Now in the right angled fphe- 

rical triangle t AS, are given A nr and AS, to find the angle 
A tS. 

Sine At : R 1 tangent AS : tangent A^S. 

Hence, tangent A nr S = to radius unity ; 

Sine At 1 

And A t S A t B = B t S. 

Again, in the right angled fpherical triangles A t S, B t S, wp 

have 

R : co-fine A t S : : tan. t S : tan. A t 

R : co-fine B T S : : tan. t S : tan. B t 

Hence co-fine A t S : co-fine Bt S ; ; tan. A t ; tan. B T 
And tan. B t = ar. co. co-fine A t S. co-fine B t S. tan. A T , or 
= tan. AtS. ar. co. AtS. co-f. BtS. tan. A t, 
becaufe the co-fine of an arch is equal to the reflangle under the co- 
tangent and fine of that arch, to radius unity. 

Now R : fine Bt ; ; tan. BtS ; tan. BS. 

Hence tan, BS = fine B T. tan. BtS, or 

= tan. Bt. co-fine Bt. tan. Bt S. E. D. 

If the pofitions of the ecliptic and equator be fuppofed to be mu- 
tually changed, the demonftration of the rule for computing the right 
afcenfion and declination will be the fame as the’above. 

Theory 
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Theory of Hadi.ey’s Quadrant, of the Sextant, and 
Circular Instrument. 

Lemma. 

The angle contained between a ray of light falling on any reflect- 
ing lurface, and a line perpendicular to that furface at the point of 
incidence, is equal to the angle contained between the fame perpendi- 
cular and the reflected ray. 

Theorem I. 

In tlx Fore Obfervation, the Altitude of an Objefl , or the angular . Dijl - 

once between two Objects, is equal to double the Arch on the Limb pafjed 

over by the Index. 

Let ABC (fig. 27.) reprefenta quadrant, D the index glafs, F the 
fore horizon glals, and O, G, two objeCls, whofe angular diftance is 
the arch OG, or the angle GEO, the pofition of the eye being E. 
Now let the index be fo placed, that the reflected image of the objeCk 
O, may coincide with the objeCt G, feen diredly. I hen is the 
angle GEO equal to twice the angle CDH j that is, equal to twice 
the arch pa fled over by the index. 

Demonstration. 

Let the ray OD incident on the fpeculum at D, be reflected to the 
fore horizon glafs, and from thence to the eye at E ; alfo, let DL 
be perpendicular to the index glafs at the point of incidence D : and 
FM perpendicular to the fore horizon glafs at the point of incidence 
F. Then, by the above lemma, the angle LDF = LDO, and 
MFE = MFD. Let OD and GF produced meet iuE, and FED will 
be the angular diftance of the objeCts. 

Now fince LD is parallel to EG, and perpendicular to the fpecn- 
lum, the angle EFD = FDL =LDO = DEF ; and EFD is bifeCted 
by the perpendicular FM, therefore the angle DEF = 2MFE. But 
becaufe the right angled triangles MFK, MFI, have the angle M 
common, the remaining angles MFI, MKF, are therefore equal : 
hence the angle DEF = 2MKF ; but MKF = K 1 )C, therefore 
DEF = 2KDC. Now DEF ir the angular diftance of the objeCls, 
and KDC is meafured by the archCH.The angular diftancebetween 
any two objeCls, is therefore double the arch on the limb paflfed over 
by the index. Q;_ E. D. 

This alfo holds good with refpeCl to the Sextant, and Circular 
Inftrument. 

Theorem • 
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Theorem II. 

In the hack Obfcrvaticn , the Supplement of the Angle contained between any 
two ObjeBs , is equal to double the Excefs of the inclination cf the Mir- 
rors above a right Angle ; and therefore , equal to Twice the Arch pafs- 
ed over by the Index. 

Let D (fig. 28.) be the fpeculum, N the back horizon glafs, 
■whofe planes produced meet in M : Hence the angle MNI is equal to 
the excefs of the inclination of thelc planes above a right angle ; 
alfo, let O, G, be any two diftant objetts, then PEO, the fupplement 
of the angular diftance GEO, is equal to twice the angle MNI 
= twice CDH = twice the arch CH. 

Demonstration. 

Let the index be fo placed, that the reflected image of the objeft 
O may coincide with the direft objeft G, the eye being at P. Alfo 
kt DL be perpendicular to the fpeculum, and LN perpendicular to 
the back horizon glafs. Then, is the angle LDN = LDO, and 
LNP = LND-, hence, MND = RNP = MNI, therefore DNI = 
2 MNI : and becaufe the triangles MNI, MKN, are fimilar, and 
DC parallel to NK, therefore the angle MNI = (MKN = K DC =) 
the arch CK; hence DEN = twice the arch CH. Therefore, in 
the back obfervation, the fupplement of the angular diftance between 
two diftant objefts, is equal to double the arch on the limb palTed 
over by the index. Q. E. D. 

Demonstration 

Of the Rule for computing the Length of the Scale, or of any Por- 
tion of the Scale on the Limb of Hadley’s Quadrant, Page 37. 

Let ABC (fig. 2 6.) reprefent an oftant, and therefore the angle 
BAC=4S°. Join BC, and draw AS perpendicular thereto. Now 
in the triangle ASC, are given AC, and the angle CAS, to find 
CS 

R : fine CAS : : AC : CS. 

Hence CS = AC. fine CAS, and BC = 2AC, fine CAS. 

If AC = 1, then BC = 2 fine CAS. E. D.. 

Demonstration 

Of the Formula for computing the greatef Augmentation cf the Moon’s 
Semidiameter , Page 56. 

Let ML (fig. 29.) reprefent the moon’s femidiameter, E the 
earth’s center, and P a point on its furface : Hence the angles MEL, 
MPL, will be the moon’* femidiameter, as feenfrom thofe points re- 

fpefliveiy ; 
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fpeftively ; aild their difference PLE is therefore the augmentation. 
Now, fince thefe angles are fmall, the meafure of each may be fub- 
ftituted for its fine. Let therefore, the moon’s horizontal femidia- 
meter MEL = .r, the augmentation PLE — x, hence M PL = s + .-c 

Alfb let ME = d, and PE — ME — MP = i, hence MP = d i. 

Then d — i I n !'. / ! ; + x 
Convert 0 . d— i ; i s x 


Hence 


x = 


d — I 


If the Moon’s horizontal parallax be exprefled by h, then d be- 
comes = 5/0 17 44 ‘ -, and d 1 - 57 ° 17' 44"- 8 - ^ But the 
b h 

ratio of the horizontal parallax to the femidiameter of the Moon is 


49 


as 1 1,27249 nearly : hence d — 1 — 57 ° 1 1 44 '-8 h _ 

h 

1^0 A A f ff — J. 

=— — - — J which being fubffituted for d — 1 in die for- 


mer equation, gives x — 

15 0 46' 45" —s. 

Let LP be produced to F, and EF being drawn parallel to ML, 
will therefore be the greateft augmentation to the radius EM. Let 
the moon be in any other point A of its diurnal path ; join AE 
AF ; make AG = AE ; and EG, which is the meafure of the angle 
EAF, to the radius AE = LE will be the augmentation correfnond- 
ing to that altitude. 

Now in the right angled reffilineal triangle EFG, given the 
angle EFG = complement of AEM = i ’s altitude, and EF the 
greateft augmentation, to find EG. 

R. . fine EFcj 1 : EF 1 EG = EE’, fine EFG,to radius 1. A. D. 

It hence obvioufly follows, that if to the true altitude of the moon’s* 
limb, the horizontal femidiameter of the moon as given in the ephe- 
meris, be applied, the true altitude of the moon’s center will be ob- 
tained : and therefore jn this cafe, the augmentation is unneceflary. 
Hence alfo, the change of parallax at any given altitude, anfweriug 
to a change of altitude equal to the moon’s femidiameter, will be the 
augmentation anfwering to that altitude. 

Demonstration 


Of the Rule for computing the Dip of the Horizon , Page j8. 

In fig. 2 iff, BE reprefents the height of the obferver, and 
ECH == FEI the correfponding dip. Now in the right angled recti- 
lineal triangle CHE, are given CH the femidiameter of the earth 
and BE the height of die eye, to find the angle HCE. 

Let 
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Let CH = s, and BE = h , hence CE = s -f h. 

Now Hfil‘ = 2 j + h x h. per 3 6. 111 Euclid. 

Hence IIE = */i s +Tx h = •/zsh. becaufe at any prob- 
able elevation, 2 s h, is not ienfibly different from 2 s h . 

And s : 4/2 sh ; ; r : tan. HCE = >V 2J.fr . 

s 

Since, in the prefent cafe, the arch may be fubftituted for its tan- 
gent, the radius therefore becomes 57 0 17 ' 44".8. 

Hence the dip J^± = J % *• D. 

Demonstration 


Of the Rule for computing the Parallax in Altitude, Page 62- 

In the redtilineal triangles DAC, H AC, (fig. 23,) the angle ADC 
is the horizontal parallax, AHC the parallax anlwering to the ap- 
parent altitude DAH. 

Now DC : AC : : R : fineADC. 

And DC (= HC) : AC : : fine ZAH : fine AHC. 

Ex. eq. R fine ADC '. : fine ZAH : fine AHC = fine ADC. 
fine ZAH, to radius 1. 

Since in angles not exceeding one, or one and a fourth degrees, 
the arches are nearly proportional to their fines. 

Therefore AHC zz ADC. fine ZAH. 

That is, Par. in alt. = hor. par. x cofine of apparent altitude. 

Or, by the nature of Proportional Logarithms, 
p log. Par. in alt. = P. L. hor. par. + log. fecant app alt. E. D. 

Demonstration 


Of the Rule for converting Degrees into Time, p. *]2. 

Let a be the given degrees, and x the cotrefpondent time ; then 
fince the fun is in the plane of any given meridian once in 24 hours. 
Therefore 360° : a 0 : 24 h. : * h. 


Tl 24 h. a 1440' a 

Hence x — — — — — — = 


360° 


360 


= 4<7. 


& E. D. 


Demonstration 


Of the Ride for reducing Time into Degrees, page 72'. 


Let a be the given time, and x the degrees anfw ering thereto. 
Now 24 h. : oh.:: 360° : *° 

360 . 10 a, 

lienee x 15 a=ioa + — g. E. D. 
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Dic 


Google 


( **7 > 


Demonstration 

Of the Rule for reducing the Time under a given Meridian , to thi 
Time at Greenwich, and converfely, page 73. 

The rotation of the earth being from weft to eaft, it is therefore 
evident, that the fun, or any celeftial object, will be fooner on the 
meridian of a place to the eaftward, and later on that of a place to the 
weftward, than on the meridian of Greenwich, by a quantity pro- 
portional to the longitude of the place from Greenwich. And con- 
verfely. E. D. 

Demonstration 


Of the Rule , to find the Correction of Noon arifing from the Ship’s 
Run between the Obfervations of the equal Altitudes, pages 86, 89. 
Let a — interval of time between the observations, and b = hour- 
ly rate of failing. Then, according to the principles of plane failing. 


The diff. latitude = 


And departure = 


ai. cofine courfe 
1 hour 
oi.fine courfe 
1 hour 


! 


to radius unity. 


Now the change in the horary angle anfwering to a given change 

r , . . . _ T tan. azimuth * ab. cos. courfe. tan. azim. 

of latitude is = D.Lat. ? — : * = — , — : — ; 

coline lat. coline latitude. 

to radius 1. and therefore 


The equation of latitude in time = 


2 ab. coftne courfe. tan. azimuth 


cofine of latitude. 

Or if proportional logarithms be ufed, and the hours reckoned as mi- 
nutes, then the P. Log. of eq. of lat. = P.L.a + P. L. i +L. fecant 
courfe q- L. tan. azim. q- L. cos. lat. q- L. 2 — P. L. 1 , minute. 

. j ,, . r , t-ab. fine courfe. 

And the equation of long. = — , , 

1 hour cos.lat. 

Hence, P. I* eq. of long. =P. L. a q-P. L. b q-X, co-fecant courfe 
+X f co-fine lat. +X. 2 — P. L. 1, minute. 


Demonstration 

Of the Formula for computing the Altitude of a circumpolat Star, when 
its Motion in Altitude is a Maximum, page 90. 
r Let P, (fig. 30.) reprefentthe pole, Z the zenith of the place of 
©bfervation, DS</ the parallel of the declination of the ftar, ZSA a 
Vertical circle touching the parallel of declination in the point S, 
which is therefore the place of the ftar, when its motion in altitude 
is quickeft. 

Now in the right angled fpherical triangle ZSP, ZP and SP are 
given to find ZS. 

F f Co- 

* Simpfoa’s Fluxions, page *8*, line a, from bottom. 
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Co-line SP : R : : co-line ZP co-line ZS 
Co-fine ZS = cofine ZP. levant SP, to ra.nus unity : 

That is, fine altitude = line latitude. co-fecant declination. 

E. D. 

Demonstration 

Of the Rule for computing the apparent Time , from the Altitude of 
a celefia / OhjeEl . 

Method First, page 91. 

In any Spherical Triangle ZPS. (fig. 31.) 

( ^ line 4 (ZS+PZ — PS). fine j ZS+PS— PZ) 


. per Spher. 


Sine 4 P =V fine PZ. line PS 

Wherein ZP may reprefcnt the co-latitude of the place of ohfer- 
vation, ZS the zenith diftance, and PS the polar diftance of the ob- 
ferved objefl : and the angle ZPS the horary diftance of the objeft 
from the meridian. 

Now, let the altitude = a, latitude = m, and polar diftance =: p. 
Then * (ZS + PZ-PS)^4 (90-a + 9 p-m-p)- f(i8o -a-m-p) 

=90— 4 (a+m+p). 

And 4 (ZS + PS— PZ)=i (90— a— go—m + p)= 4 {—a -|- m +p) 

= i(a+m+p)— “• 

Hence by fubftitution we have 

( co-f. t (a+m\p). fine 4 (a+m+p )— a_ 


Sine J P : 


co-f. m. fine p. 


=V , co-f. i (a+m+p). fine k (a+m+p)— a. iecant m. co-fe. p. 

Method Second, page 93. 

In the Spherical Triangle ZPS. (fig. 31.) 

Sine PS. finePZ : R* : v. fine ZS.-v. fine PS-i'Z : v. fine P. 

per Spherics. ; 

But the difference of the verfed fines is equal to the difference of the 
co-fines ; therefore. 

Sine PS. fine PZ I R’ 1 : co-f. PS-PZ-co-f. ZS : v. fine P. 


Hence v. fine P = 


co-f. PS -PZ-co -f. ZS, R* 
fine PS. fine PZ 


= co-fec. PS. co-fec. PZ. co-f. PS— PZ— co-f. ZS. 

Whence log. v. fine P = log. co-fec. PS — log. co-fec.PZ 

+ log. co-f. PS-i’Z — co-f. ZS — 2 log. rad. 
But PS — PZ = the meridian zenith diftance = latitude z±= decli- 
nation. 
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nation, according as they are of different, or of the fame name. 
And column of rifing is a table of log. verfed fines, adapted to 

time. Therefore, 

Log. fecant lat. + log. fee. Dec.+log.cof. mer.zen. dift.— line ob. alt. 

— 2 log. rad. = log. rifing of apparent meridian dift- 
ance of objeft. 

Investigation 

Of that Pfition in which an OljeB Jbould he, that the Time deduced from 
its Altitude may be as little as pojfsble affeBed, by unavoidable Errors 
in the Objervatio/is and Latitude, page 102. 

When the latitude and declination are of the fame name, the 
change of altitude, in a given time, is moll rapid ; firft, when the 
liar is in the prime vertical, the declinarion being lefs than the lati- 
tude; fecond, when the objeft is in that part of its diurnal path, 
■which is in con t aft with an azimuth circle — in this cafe, the decli- 
nation will exceed the latitude of the place of obfervation ; and 
thirdly, when the objeft is in the zenith, the latitude and declina- 
tion being equal. 

When the latitude and declination are of contrary names, the 
change of altitude is quickeft when the objeft is in the horizon : 
which, therefore, is the mod proper pofition for obfervation, ab- 
ftrafting from refraftion. But becaufe of the irregularity to which 
the horizontal refraftion is fubjeft, it is therefore improper to ufe 
altitudes obferved near the horizon, for the purpofe of determining 
the apparent time. 

Let P. Z. S. (fig. 32.) reprefent the pole, zenith, and ftar, re- 
fpeftively : Let MPS be a given change in the hour angle : And AM 
being a portion of a parallel of altitude, SA will be the correipond- 
ent change of altitude. 

Let AS = a, and MPS = h. 

Now R ; fine PS : : h : SM = h. fine PS. to radius unity. 
And R : fine AMS : ; A.finePS : a—h. fine PS. fine AMS 

—h. fine PS. fineZSP.to rad. r. 

Now PS being conftant, the change of altitude AS anfwering to a 
given change in the hour angle MPS, will be a maximum, when the 
fine of the angle ZSP is the greateft polfible ; that is, when ZSP is 
a right angle. Now ZSP is a right angle when the vertical ZS 
touches the parallel of declination of the ftar. And if ZSP be con- 
ftant, the change of altitude will be quickeft when PS =ryo° ; that 
is, when the objeft is in the equator. 

F f 2 Again, 


/ 
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Again, in the triangle ZSP. 

Sine ZP : fine PS : ; fine ZSP : fine PZS. 

Therefore, fine ZP. fine PZS = fine PS. fine ZSP. 

Hence, fine ZP. fine PZS, being lubftituted for its equal in the 
former equation, we have a = h. fine ZP. fine PZS.* 

Now ZP being conflant, the change of altitude will be a maxi- 
mum, when PZS is a right angle; that is, when PS is the prime 
vertical .f And if PZS be conftant, the change of altitude, anfwer- 
ing to a given change in the horary angle, will increafe with the 
fine of PZ, and is therefore greateft when the latitude is leaft ; that 
is, when the place is fituated on the equator. 

7(! p fine PZ. fine ZPS , r ,„. , . . 

Since, fine ZS 1 = — ; which, fubftituted in the 

fine ZS 

general equation, gives a — h. ^ ine finePZ. fine ZPS Hence 

fine ZS ' 

the latitude and declination being inftant, the change of altitude will 
increafe with the altitude and hour angle. 


Demonstration 

Of the Rules for computing the CorreSlion of apparent Time, anfwering to 

given Errors in the Altitude, Declination, and Latitude. Prob. x. 

xi. xii. Pages 103, 104. 

The error in altitude being given, the correfpondent error of the 
hour angle may be eafily deduced from the preceding formula. 

For fince a — h. fine PZ. fine PZS. 


Therefore h — 


in time : 


fine PZ. fine PZS. 15' 

And P. log. hz= P. log* a + log. fine PZ + log. fine PZS + log. 1 r. 

Whence, in any fpherical triangle, the change in any of its angles 
occafioned by a change in the oppofite fide, is equal to this change, 
multiplied by the co-fecant of one of the other fides, and the co- 
fecant of the intervening angle — and converfely. 


The Error in Declination being given, to fond the rcfulting Error in the 

Hour Angle. 

Let SB, SM, (fig. 32.) be portions of the parallels of altitude and 

declination 

• If proportional logarithms he ufed, the equation becomes 

P log. a == P. log. h - 1- co fccant ZP + I. co-fecant PZS. 

This is the demonflration of the rule in page jj, for computing the change of al- 
titude, anfwerii g to a given interval. b 


♦ If the latitude and declination are of contrary names, the parallel of declination 
tvill not interfefl the print reitical above the horizon ; therefore, the change of alti- 
tude is quickeft when the objeft is in the horizon. 
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declination of the given objeft, and BM the given change of decli- 
nation : Hence, MPS will be the correfpondent change of the hour 
angle. 

Now in the right angled triangle BMS, which may be confidered 
as reftilineal, are given MB, and the angle BSM = ZSP, to find 
MS. 

R : co-tan. ZSP '. MB 1 MS = MB. co-tan. ZSP, to radius unity. 
And, fine PM : R : MB. co-tan. ZSP : MPS=MB. co. tan. ZSP. 
co-fecant PM.* 

Or by ufing P. logarithms, the change of the hour angle expreffed 
in time is = P. log. BM + log. tangent ZSP + log. fine PM + log. 

15- 

Hence, in any fpherical triangle, the change in any of its angles, 
arifing from a given change in one of the adjacent fides, is equal to 
the above change multiplied by the co-tangent of one of the other 
angles, and the co-fecant of the fide contained between thefe angles ; 
and converfely. 

If / be the change of latitude, and h the correfpondipg change of 
the hour angle, then, by the preceding, we have 

h—l. co-tangent PZS. co-fecant PZ X tV- 
And P. log. h = P. log. /. + log. tan. PZS + log. fine PZ -f- log. ly. 

Or, fince co-tangent Z = co-fecant P. co-tangent PS. fine PZ — 
co-tangent P. co-fine PZ. Hence by fubfiitution, we have 
h—l. co-lec. P. co-tang. PS — co-tang. P. co-tang. PZ. E. 

Demonstration 

Of the Rule for computing the apparent Time from an Obfervation 
of two Stars in the fame Vertical , page ioy. 

Let P reprefent the elevated pole, Z the zenith, and S, A, two 
Bars in the fame azimuth circle ZSAN, to which let PB be perpen- 
dicular. Now, in the triangle APS are given, AP, SP, the polar 
diflances of the Bars, and the angle APS the difference of right af- 
cenfion, to find the angle ASP. 

•nt . c fine APS - i 

finePS. co-tan. AP — co-finePS.co-fineP r 

And in the right angled fpherical triangle PBS 
R : cof. PS : : tang. S : co-tang. BPS = cof. PS. tang. S = 

_ fine APS 

— tang. PS. co-tang. AF-l col'. P 
Hence, 

* Or, fince eo-tan. ZSP = co-fec. P. co-tan. PZ. fine PS — co-tan. P. co-f. PS, 
which being fubftituted in the former equation, we have 

MPS = MB. co-fec. P. co-tan. PZ — co-tan. P. co-tan. PS. 
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Hence tangent BPS = tan S ent PS ‘ c °- tan * ent AP ~ ?• _ 

fine APS 

= tang. PS. co-tan. AP. co-fec. P — co-tan. P. 
Again, in the triangles PSB, PZB, 

co-t.PS : co-tan. PZ : : cof. BPS : cof. BP Z— tan. PS. co-t.PZ.cof. BPS 
And BPSz^BPZ = ZPS. £ E. D. 


Demonstration 

Of the Rule for computing the Hour Angle , from the Interval of 
Time bet "ween the Rifng of two known Stars , page 10 6 . 

Let P (fig. 34) reprefent the pole, S the firft obferved ftar when 
in the horizon, and A the fituation of the other at the fame inflant. 
The angle APS is the difference of right afcenfion. Let a be the 
pofition of the fecond liar at the time of rifing. Then will the 
angle AP a be the interval of time between the infiants when the ftars 
■were obferved in the horizon; and the angle aPS will be the diffe- 
rence between the above interval, and the difference of right af- 
cenfion. 

In the fpherical triangle oPS, are given P a, PS, and the angle 
cPS, to find PSa. Now, per fpherics, 

Tangent PSa =— — — tt- ^ ^ h 

fine PS. co-tan. Pa — cof. PS. cof. aPS 

And, in the right angled fpherical triangle SPO, 

R ; cof. PS 1 ; tan. PSa ; co-tan. SPO = cof. PS. tan. PSa = 

fine aVS 


tan . PS. to- 1. Pa — coil aPS 
And tang. SPO s= tan. PS. co-tan. Pa. co-fec. oPS — co-tangent aPS. 

& E. D. 

Demonstration 


Of the Rule for computing the Apparent Time , from three Altitudes 
of the fame Object, with the Intervals of Time between the Obfer- 
vations, page 107. 

Let A, B, C, (fig. 35) be the pofitions of the ohjett at the times 
of obfervation; and AD, BF, CG, the fines of the altitudes. De- 
fcribe the femicircle KMR, and draw AN, BM, CL, perpendicu- 
lar to KR, which will therefore be the fines of the times of obferva- 
tion from noon, to the radius VK. Join LM, LN, MN, and let 
MS, LU, be drawn perpendicular to LN and BM refpeftively. 
Now the angle KVL = VLU = time from noon when the greateft 
altitude was obferved; the angle LVN = interval of time between 
the extreme obfervations, and confequently VLN = complement of 
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half that interval. And becaufe the triangles MTS, LTU, are fi- 
milar, therefore the angle I' MS = TLU. 

In the right angled triangle LSM, are given, the angle MLS — 
half the arch MN, and LM = twice the fine of half the arch LM, to 
find MS and LS. 

r : fine mls : : LM : MS : : 4 lm : f ms. 

Hence i MS = fine 1 arc MN. fine { arc LM. 

R : cof* MLS ; 4 LM : I LS — cof. 4 arc MN. fine J arc LM. 

And becaufe the fines CX, CA, and LN, are cut proportionally 

in the points I, B, and T. 

Therefore CX : Cl : : LN : LT : : i LN : l LT. 

u T -r Cl. fine ■}- arc LMN 
Hence i LT = 

And I LS - 4 LT = * TS 

Now in the right angled triangle TSM, 

4 TS : 4 MS : ; R : co-tangent TMS =TLU. 

Therefore, co-tangent TLU = 1 MS - f,ne * arc MN ‘ fme * arc LN 


1 TS 

And TLV - TLU = VLU = KVL, 

Or MTS - iLVN = KVL. Q E. D. 


TS 


Demonstration 

Of the Method of reducing the Apparent to the True Di/lance. 
Method First (page i 12). 

Given the apparent diflance ms (fig. 24 ) the apparent zenith 
diftances Z m, Zs, and the true zenith diftances ZM, ZS, to find 
the true diftance MS. 

fine Z.s. fine Z m : R* : : v.fine ms — v. fine Zs~'Lm 1 v. fine P 1 pet 
fine ZS. fine ZM;R* ; : v.fine MS— v.fine ZS— ZM; v.fineP 5 ^P* 1 ' 
fine Zs. fine Zm : fine ZS. fine ZM : : v. fine ms—v. fine Zj— Zm : 

; v. fine MS — v. fine ZS — ZM 

v. fine MS — v. fine ZS — ZM = v. fine ms — v. fine Zs — Zm 

fine ZS. fine ZM 
’ fine Zs. fine Zm 

— ... fine ZS. fine ZM 

v. fine MS = v. fine ms - v. fine Zs—Zm- f lne Zs. fine ZM + 

4 . v. fine ZS — ZM 

But table of log. diff. — log- ^ ne ^ ne which call d, and let 

fine Zs. fine Zm 

a be the number anfwering to log. v. fine ms — Z s — Zm + d 
Then v. fine MS = v. fine ZS TT ZM + a. 9. E. D. 

Me- 
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Method Second, page 113. 

fine i ( ZM+ZS+MS | .fine t ( ZM+ZS— MS 

Co-fiae|’i Z= finTZMTfi^ZS (p.fph. 

_ Sine 5 Zm+-Zs+ms).(in<£\[Zm+Zs—ins) ? 

fine Z m. fine Z s 3 

Now let A, a, B, and b, be the complements of ZM, 7 .m, ZS» 
and Zs, refpeftively : alfo, let C and c reprefent MS and ms. 

Then \ ( ZM+ZS-J-MS)=$ (90— A +90— B+C)=9o— i(A-fB— C) 
i (ZM+ZS-MS)=4(90-A+9 o-B-Cj= 9 o- (A+B+C) 

\ \Zm\- 7 s + ms)=i (90 — a+90— i-fc) = 90 — i (a + b—c) 
i (Zm+Zs — ms ) = l (90 — a-f 9 o— b— c) =90— £ (a+^+c) 
Hence, by fubflitution, 

Co-fine \ (A+B— C). co-fine J ( A-f-B-fC) 
line ZM. fine ZS. 

r: Co-fine *- (a+b—c). co-fine f (a -\-b+c). 
fine Zm. fine Zs. 

Co-f. ^±lz£co-LAt5±- 
2 2 

a + b — c r a-( -b+c fine ZM. fine ZS, 

= co* f - — co-f.—-. fi^ Z - -fi- neZ - 

Now, log. of ^‘ ne ^ nC ^ is contain, in tab. xlii. which call d. 

° line Zm. fine ZS. 

Alfo let f±*=f = D,— — = E, and A + B = F, 

2 * 2 

r p F+C 

Then.co-fine — — • co-fine — _ = co-fine D. co-fine E. i. 

2 2 

Tj* p - T? Lp — -1 ■ 

But co-f. — — .co-f.— — = I- xco-1. F-fco i. C, to radius 1. 

2 2 

Hence • co-line F + co-fine C = co-fine D. co-fine E. d. 

Let co-fine D. co-fine E. d - fin e|* { n ; 

Then, £ x co-line F + cofine C = finel* £ n. 

And co-fine F + co-fine C = 2 fine|* \ n — 1 — co-fine it. 

But co-fine C = 1 — 2 finel’ ~ C : 

Hence, x —2 fine|’ fC=i — co-fine n — co-fine F ; 

Therefore, finel’ * C = £ + co-line n -f co-fine F, 

- n + F r n — F. 

= co-fine co-fine 

2 2 

Q E. D. 

Me- 
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Method Third, page 115. 

Let sm (fig. 25.) be the apparent diftance, Sn the diftance clear- 
ed of refradtion, and SM the true diflance. From Z draw ZD per- 
pendicular to the difiance, which let be bilefted in E. 

Then, tan. — .tan _ . . tan. . tang peripheries. 

2 2 2 2 

Hence, tan. arch firft (= tan. DE)— co-tan. half fum alt. tan. half diff* 

2 

alt. co-tan. half dift. to rad. 1. 

And, half diftance arch firfi = /D and Dm refpe£tively= arches 
lecond and third. ' 

Now, in the right angled triangles, xDZ, S as. 

Tangent Z s : tan. Dx : R ; co-fine x. 

And R : co-f. x : : Sx : Sa * _ 

Hence, Ex. eq. pertur. tan. Zx : tan. Dx : : Sx : Sa — — - 
But, Sx= 57". tang. Zx, nearly; tan ’ 

Hence, Sa = 57". tang. Dx : 

And hence alfo, nb — 57". tang. Dm. 

Sa and nb may therefore be taken from a table of refrafiion. 
Again, in the triangles mD Z, M c n ; 

R : co-tan. Z m \ tan. Dm : co-f. m = co-t. Zm. tan. Dm, 

R ; co-tan. Zm .tan. Dm ; ; • nc — M«. co-t. Zm. tan. Dm. 

But M«= hor. par. fine Z n, to radius 1. And as Zm may be 
afTumed — 7 n, therefore nc = hor. par. tan. D n. co-fine Z n. 

Hence, P. log. Par. in diftance = P. log. hor. par. + log. co-tan. 
D n + log. co-fecant altitude. 

The lafl correction of parallax is found by means of table xxn. 
It is the difference between Sc and SM, and may be computed by 
various methods. The reafon for entering the table twice will be 
obvious, from a due confideration of the triangles Sc M, M cn. 

Q.E. D. 

Demonstration 

Of the Rule for computing the true Altitude of the Sun, Moon , or a fixed' 
Star, page 132. 

In the fpherical triangle Z PS, (fig. 31.) are given PZ the co.latitude, 
PS the polar diftance, and ZPS the horary angle, to find ZS the co- 
altitude. Then per lpherics, 

Sine PS. fine PZ : R> : : v-fine ZS — v-fine PS — PZ : v-fine P. 
Hence, V-Sine ZS -v-fine PS — PZ + v-fine P. fine PS. fine PZ. 
Now, PS — PZ = mer. zenith diftance, and ZS = co-altitude. 

G g . Henceji 




u 
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Hence co. v-fine alt. = v-fine, mer. zen. dirt. + v-fine P. co-finc 
dccli. co- line latitude. 

Or, becaufe the difference ot the verfed fines is equal to that of 
the co-fines, 

Therefore, line alt. = co-fine mer. zen. dift. — v-fine P. co-fine dec. 
co-fine latitude. 

And column of riling is a table of log. verfed fines : Hence, the 
rule is obvious. Q E. D. 


Demonstration 

Of the Method of computing the Latitude, Longitude , and Time , from 
the fame Set of Obfcrvations, p. 137. 

Let P. (fig. 36.) reprefent the elevated pole, Z the zenith. A, 
B, a , b, the true and apparent places of the objefts : Hence, Z A, 
ZB, Z a, Zb, the true and apparent zenith diftances : AB, ab, the 
true and apparent diftances, and PA, PB, their refpe&ive polar dift- 
ances. 

The demonftration of the method of reducing the apparent to the 
true diftance, is given in page 223. 

In the fpherical triangle BAZ, given ZA, ZB, the true zenith 
diftances, and AB the true diftance of the objefts. Required the 
angle ZAB. 

Sine Z A. fine AB:R*’. : v-fine BZ— v-fine AZ—AB: v-fine ZAB. 

Or, by ufing a table of natural fines, 

R 1 :co-fec.ZA.co-fec.AB: :co-fine AZ—AB— co-fine BZlv-fineZAB. 
Log. co-fecantZ A+log. co-fec. AB+log. w-fine AZ— aE— co-f.BZ 
— 2 log. R = log. v-fine ZAB. 

Now, the co-fine of the difference of any two arches, is equal to 
the fine of the fum of the lefs, and complement of the greater; and 
column of rifing is a table of log. verfed fines. Wherefore, log. fe- 
cant alt, objeft fartheft from mer. + log. co-fecant diftance + log. 

fine alt. ob. fartheft from mer. -+■ dift.— fine other objects alt.— 2 log. 
r R = (log. verfed fine angleZAB=) log. rifing of arch firft. 

In the fpherical triangle PAB, are given PA, PB, the polar dift- 
ances, and AB the true diftance. Sought the angle PAB. 

Sine AB. fine AP : R* : : v-fine BP— v-fine AB — ,AP : v-fine 
PAB, per Spherics. 

Or by ufing natural fines, 

R’ i co-fec. AB.co- fee. AP : : co-fine AB — AB=pco-fine BP : v- 

finc PAB. 

R 1 1 co-fec. dift- fee. dec. ob. fartheft from mer. : : fine dift. -f- dec. 
fine Other ob. dec. 1 v-fine PAB, 

Log. 
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Log. co-fec. dift. q- log. fee. dec. ob. fartheft from mer.-f log. 
fine dilb. + dec. =+^ fine other objedls dec. — 2 log R = log. rifing 
arch fecond. 

In the fpherical triangle PZA, given AZ, AP, the zenith and 
polar diftances of the objedt fartheft from the meridian, and the 
angle ZAP = BAP — BAZ, to find ZP the co-latitude, and the 
angle ZPA, the horary diftance of the objedt fartheft from the me- 
ridian. _____ 

Sine AZ. fine AP I R 1 G v-fine ZP — v-fine AZ — AP:v-fine ZAP. 

Hence, the v-fine ZP is eafily obtained. Or by fubftituting na- 
tural fines, 

R* : fine AZ. fine AP t ! v-fine ZAP ; co-f. AZ— AP— co-f. ZP. 
Co-f.alt . co-f.dec. v-fine ZAP 


R* 


Sine lat. = fine alt.rrr dec.— 


-= fine alt. dec-— fine latitude 

co-f. alt.co-f. dec. v-fine ZAP. 




Let natural number of log. co-fine alt. + log. co-fine dec. + log. co- 
fine ZAP — 2 log. R = a -, 

Then, nat. fine latitude = nat. fine alt. =^; dec. — a ; 

Again, Sine ZP : fine ZA : : fine ZAP : fine ZPA, 

Co-f. lat. : co-f. alt. : : fine ZAP : fine ZPA, 

Sec. lat. : fee. alt. : co-fec. ZAP : co-fec. ZPA ; 

Log. co-fec. ZPA = log. co-fine lat. -f log. fee. alt. + log. co-fecant 
ZAP — 2 log. R. 

But column of half elapfed time is a table of log. co-’fecants — R. 
Whence the operation is manifeft. E. D. 

Demonstration 

Of the Rule for computing the Difference of Longitude between the Moon 
and a fixed Star, or Planet. — Page 146 *. 

LetP (fig. 37.) reprelent the pole of the ecliptic, PM the com- 
plement of the moon’s latitude, PS the complement of the ftar’s la- 
titude, MS the true diftance between the moon and ftar, and the 
angle MPS their difference of longitude, which is required. 

Now, the polar diftances being of the fame affedfion, 
fn»iP_ /fine* < PM+PS+MS). fine \ (PM aPS— MS.) 
v fine PM. fine PS. 

Let the moon’s latitude = m, the latitude of the ftar = s, and the 
diftance = d. 

Then, i(PM-f PS-J-MS)=f (90— w+90— s+d)-=go— * (tn+s—d) 

t= 90— i (m^-s^-dj—d- 
G g a And, 
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And, £ (PM+PS— MS)= \ Lpo— m+90— s— rf)=90— \ { m+s+tf). 

Hence, 

Co-f. i P= v'cof. 4 (w+i -)-</). co-f. it (m+s+d)—d. fee. m. fee. s. 
Again, let the polar diftances be of a different affeZtion, 

c- ip /line i (MS^MP-PS). fine £ iMS+PS-MST) 
me t - v / i inc MP. fineTST 

Now, the fame notation being ufed, we have 
£ (MS+MP— PS;=ft(rf+90— «— 90 +r)=i(f/-pj’— m 
And i (MS-j-PS— PM)=£ (4+904-/— go+m)rz\ (d+s+mi 
Hence, fine iP= y'finei( 4 +w 4 -/).finei( 44 -w-f/;— m. fee. m. fee./. 

^ A. Z). 

Demonstration 


(y the Rule for computing the Longitude, from an Obfervation of the 
Moon’s Altitude. Page 154. 

Let the fun’s right afeenfion = /, the moon’s = m, the moon’s re- 
lative motion in right afeenfion in 1 2 hours = d, moon’s horary 
angle = h, and the apparent time = *. 

Now, 12 h. : x h : : d 

12 


dx 


And, x + s— m + -'. = h 
12 


dx 

12 


x + s=zh+ m + 
dx , , 

x — — = h + m — s 
12 

12* — dx = h + tn — s . 12 

h + m — s h 4 - m — s „ 

12 — d l8o — 4 

£K E. D. 

Demonstration 


Of the Rule fir computing the Altitude and Longitude of the Nona- 

geftmal. 

Let the circle PEBQjfig. 38) reprefent the folflitial colure, EQ^ 
the equator, asvr the ecliptic, P,p their refpeftive poles, nr A the 
right afeenfion of the meridian PZAB, which paffes through Z the 
zenith of the place, whofe latitude is AZ; hence PZ is the co-la- 
titude, Pp the difiance of the poles, or the obliquity of the eclip- 
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tic; ZPp the right afcenfion of the meridian from >f. Zp® the lon- 
gitude of the nonagefimal from sa; N the nonagefimal — hence ZN 
is the zenith diftance, and Zp the altitude of the nonagefimal. 


Method First (page 167) 


In the right angled fpherical triangle PMZ, are given PZ the co- 
latitude of the place of obfervation, and the angle ZPM, the differ- 
ence between the right afcenfion of the meridian and 25 (or Vf ) to 
find PM. 


R : co-fine ZPM : : tan.Zp : tan. PM = 


fineZPv .co-tan. latitude 
- 


And PM =t= Pp = Mp. The uppermofi: fign is to be ufed, when 
the right afcenfion of the meridian is between o and xii. hours, and 
the other fign, when the right afcenfion is between xii. and xxnr. 
hours. • 

Again, in the right angled fpherical triangles MPZ, MpZ, 
fine MP : fine Mp ’. co-tan. MPZ co-tan. MpZ. 

. r . tang. 'V'PZ. cofecant MP. fine Mp 

Hence tan. long, nonagefimal = — 2 -=-r 


R : fecant MpZ 1 tan. Mp : tan. pZ, 

*, . c ' co-fec. <y<pZ. tan.Mp g> r? n 

Whence tan. alt. nonagef. = — _ A- U. 

XV 


Method Second (page 168) 

In the fpherical triangle ZpP are given, ZP the co-latitude, Pp 
the obliquity of the ecliptic, and the angle pPZ the right afcenfion 
of the meridian from v?, to find Zp the altitude, and the angle <rpN 

the longitude of the nonagefimal. 

R> ; fine PZ. fine Pp ; ; v-fineZPp 1 v-fine Zp — v-fine FZ — Pp 
: : v-fine ZPp : co-fine PZ — Pp — cof. Zp 
Now the complement of the fum of two arcs is equal to the fum 
of the leaft arc and complement of the greater; therefore, as the la- 
titude is affumed lefs than 66 k degrees. 

R l ; fine PZ. fine Pp : 1 v- fine ZPp : fi ne Pp + comp. PZ — cof. ZP 

R*. fine Pp + comp. PZ — co-fine ZP = fine PZ. fine Pp. v-fine ZP p 

co-fine AZ. fine Pp. v-fine ZPp 

fine A Z + P p— co fine ZP = gl 


co-fine AZ.fine Pp. v-fine ZPp 

co-fine ZP = fine AZ + Pp gl 

Now, column of rifing is a table of log. verfed fines. 

Let the nat. N°. to log. cofine AZ + log. fine F p + log. rifing ZPp 
— 2 log. R = a, 
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Then, cofine air. nonagcfimal = fine AZ -f PjT— a. 

Again, fine Zp : fine ZP : ; fine ZPp : fine ZpP, 
co-fec.Zp : cof. ZP ; : cof. ZPp I fee. vpA, 

Hence fee. rpA = co-fee. ZPp. co-iec. ZP. fine Zp to radius i. 

But column of half elapled time is a table of log. co-lccants. 
Therefore, log. fecant long, nonag. = log. H,E,T, ZPp + log. co-fee. 
ZP + log. fine Zp. to radius i. 4 E. D. 

Demonstration 

Of the Rule for computing the Parallax in Latitude and Longitude , 

(page I’jo.J 

Let ZNHEP (fig. 39) reprefent the meridian palling thro’ the 
nonagefimal N — NE the ecliptic, P its pole, Z the zenith, L the 
place of an objeft unaffetted by parallax, and M its apparent place, 
both being in the fame vertical ZLMn. Thro’ L, M, draw the 
circles of latitude PI.p, PMp, and thro’ M draw the parallel of la- 
titude MA; then will the angle APM be the parallax in longitude, 
and AL the parallax in latitude. Alfo ZP = NH = altitude of the 
nonagefimal; MPZ the apparent diltance of the planet from the no- 
nagefimal, and MP its apparent polar diflance. 

Now, in the right angled triangle ALM, which may be confider- 
cd as reftilineal, 

R : co-fine AML : : ML : AM = ML. co-fine AML. 

_ r ATVJTT r TMn fincP. fiueZP 

But co-fine AML = fine ZMP = — — 

fine ZM. 

And ML = hor. par. fine ZM. 

Hence AM = hor. par. fine P. fine ZP. 

1 1 .mi hor. par. fine P. fine ZP 

And angle APM = 1 — , — — — =- 

h line MP 

That is, par. in Ion. = hor. par. fine dill, from non. fine alt. non. fee. lat. 

* Again, R co-tang. ZMP :: AM : AL = AM. co-tangent ZMP. 
But AM = hor. par. fine P. fine ZP. 

Hence AL = hor. par. fine P. fine ZP. co-tangent ZMP. 

t. co-tan. ZP.fineMP.— cofineP. cofine MP 

But co-tangent ZMP = 

line P. 

Whence by fubftitution we obtain 
AL = hor. par. fine ZP. co-tan. ZP. fine MP — hor. par. fine ZP. 
co-fine P. co-fine MP. 

— hor. par. co-fine ZP. fine MP — hor. par. fine ZP. co-fine P. 
co- line MP. 

That is, par. in lat. = hor. par. co-fine alt. non. co-fine lat. — hor. 
par. fine alt. non. co-fine dift. of objeft from non. fine lat. objefb 

Q E. D. 
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Demonstration 


Of the Rule for computing the Longitude of a Place, by an Obfer- 
vation of a Solar Eclipfe , or an Occultation of a Fixed Star by 
the Moon, pages 173, 184. 

Let CE (fig. 40) reprefent a fmall portion of the ecliptic, S a ftar 
(or the fun’s center*) M the apparent place of the moon at the im- 
merfion, and L its apparent place at the emerfion. Now the paral- 
laxes in longitude at the immerfion and emerfion being applied to 
the moon’s relative motion in longitude in the interval between the 
obfervations, will give the apparent difference of longitude EC, 
which, multiplied by the co-fine of the moon’s apparent latitude, 
gives MN. The apparent difference of latitude LN is found, by 
applying the parallaxes in latitude to the computed change of lati- 
tude in the above interval. 

In the right angled triangle LNM, which may be confidered as 
rectilineal, are given, the fides MN, NL, to find the apparent in- 
clination NML, and the apparent motion of the moon in its relative 
orbit ML. 

MN : NL :: R : tangent LMN= 

R : fecant LMN :: MN : ML = MN. fecant LMN. 

Again, in the triangle MSL, the augmented femidiameters of the 
moon (or fum of fun and moon’s femidiameters) MS, LS, and the 
Moon’s relative motion ML being given, to find the angles SML, 
SLM — to which the angle PLM=LMN being applied, the angles 
DSM, BSL will be obtained. 

Tartly, in the right angled triangle MDS are given, SM, and the 
angle DSM, to find DS; and hence AC, which being reduced to 
time, will be the interval between the immerfion and conjunction. 
The interval between the emerfion and conjunction may, in like 
manner, be inferred from the triangle SBL; and if no error be com- 
mitted, the times of conjunction will agree. Now, the time of 
conjunction thus found, being compared with that deduced from the 
Nautical Almanac, will give the longitude of the place of obferva- 
tion. £, £>. 

* But in this calc BD would be a portion of the ecliptic. 
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APPENDIX. 


CONTAINING 

Various Methods of finding the Latitude, and Variation 
of the Compafs. 


CHAP. I. 

Of finding the Latitude of a Place. 
Introduction. 

T HE fituation of a place, with refpeft to the equator, was an- 
ciently determined, by afcertaining the length of the longeft 
day, and by the comparative length of the lhadow of a Gnomon at 
that time. This inftrument was afterwards ufed in many aftrono- 
mical obfervations, fuch as, for determining the obliquity of the 
ecliptic, the times of the tropics and equinoxes, the length of the 
year, and the feafons, &c. The method of reckoning the latitude 
in degrees and minutes being introduced, inftruments for obferviug 
altitudes were divided accordingly. — The AJlrolabe , (a cir- 
cular ring, having a moveable index and fights,) was applied to 
obferve altitudes at fea. It was, however, fupplanted by the 
Crofs Staff, and that again by the Quadrants of Davis and Had- 
ley, in lucceffion. 

The moft fimple, and at the fame the mod accurate method of 
determining the latitude of a place, is by an obfervation of the me- 
ridian altitude of the Sun, or of any other of the celeftial bodies — 
and, therefore, fuch obfervations fhould not be negletted, when 
poffiblc to be obferved. It however frequently happens, that the 
meridian altitude cannot be obferved, by reafon of clouds, fog, &c. 
or that the declination of the objeft is unknown. In thefe cafes, 
therefore, recourfe muft be had to other methods. 
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Problem I. 

Given tie Sun’s Meridian Altitude, to find the Latitude of the 
Place of Obferuation. 

Rule. 

Find the true altitude of the Sun’s center, by prob. x. page 78. 
Call it S or N, according as the Sun is fouth or north at the time of 
pbfervaiion, which, fubtra&ed from 90°, will give the zenith dift- 
ance of a contrary denomination. 

Reduce the Sun’s declination to the meridian of the place of obfer- 
vation, by prob. v. page 74. Then, the fum or difference of the 
zenith diflance and declination, according as they are of the fame, 
or of a contrary denomination, will be the latitude of the place of 
obfervation of the fame name with the greater.* 

Examples. 

I. Oftober 17, 1792, in longitude 3 2 0 E. the meridian altitude of 
the Sun’s lower limb was 48° 53’ S. height of the eye 18 feet. — ■ 
Required the latitude? 

Obf. alt. ©’s low. limb 48° 5 3' S.- ©’s dec. 17 Off. noon 9** 37' S« 

Semidiameter — 4- 16 Equation, table xui. — 2 

Dip and ref raction — 5 

Reduced declination - 9 35 S. 

True alt. Sun’s center 49 4 S. Zenith diftance — 40 56 N. 

Latitude — — 31 2 1 N. 

II. November 6 , 1792, in longitude 158° W. the meridian alti- 
tude of the Sun’s lower limb was 87° 37' N. height of the eye 12 
feet. Required the latitude? 

Mer. alt. Sun’s 1 . limb 87° 37' N. ©’s dec. p. N. Aim. 16 0 1 7'.8 S- 

Semidiameter — + 16.3 Equat. tab. xm. + 7.7 

Dip and refraction — 3.3 

Reduced declination 1 6 25.5 S. 

True altitude — 87 50.0 N. Zenith diftance - - 2 10.0 S. 


. Latitude — — 18 35.5 S. 

Re- 

* A method very often praltifed at Tea, efpccially by coafters, is to correct the ob- 
ferved altitude, by adding 12'; and from thence and the declination, the latitude is to 
be found. Or, fubtralk the declination from 89° 48' ; the remainder will be the lati- 
tude. Thefe methods may no doubt give the latitude tolerably exalt in feme cafes; 
but in others, the mariner will be deceived above half a degree; and in any cafe they 
are feldom free of error. 

Hh 
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Remark. The dip of the horizon, in table m. anfwers to a free 
Or unobftru&ed horizon; but if the land intervenes, and the fhip at 
no great diftance therefrom, the dip will be confiderabty greater, 
and that in proportion to the nearnefs of the thip to the land. This 
dip may be found as follows: 

Let two perfons obferve the Sun’s altitude at the fame inflant, the 
one being' as near the mart head as poffible, and the other on deck 
immediately under. Then, to the log. of the fum of the heights of 
the obfervers above the fea, add the ar-co. of the log. of their differ- 
ence, and the log. fine of the difference of altitude; the fum will 
be the log. fine of an arch. Now, half the fum of this arch, and 
the difference of altitude, will be the dip anfwering to the greateft 
height; and half their difference will be that correfponding to the 
height of the loweft obferver. 

This remark, in a fimilar cafe, is to be applied to the following 
problems. 

Example. 

Being clofe in with the land, September 28, 1793, a perfon on 
deck, 1 6 feet above the water, obferved the meridian altitude of the 
Sun’s lower limb to be 29 0 5 5' S. and another obferver on the crofs 
tTees, 68 feet above the fea, found the altitude at the fame inflant 
to be 30° 8' S. Required the latitude ? 


Height — 


68 feet. 
1 6 


Sum — — 

m 

84 

] 0 g. 

1.92428 

Difference — 

- 

52 

— — — ar-co-log. — 

8.28400 

Differ, of alt. - 


> 3 ' 

— — — fine — 

7.57767 

Arch — 

0 

21 

— — — r ' ne — 

7-78595 

Sum — 

0 

34 

Half =17'= dip to greateft altitude. 

Difference — 

0 

8 

Half = 4 = dip to leaft altitude. 


Altitude — — — 

30° 8' S. 

Sun’s femidiamcter — — 

q- 16 

Dip — — — 

- 17 

Refraflion — — — 

— 2 

True altitude — — 

30 5 S. 

Zenith diftance — — 

59 55 N - 

Declination — — — 

2 17 S. 

Latitude — — — 

57 38 N. 
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Problem II. 

Given the Meridian Altitude of a Fixed Star, to find the Latitude 
of the Place of Obfervation. 

Rule. , 

Reduce the obferved to the true altitude, by prob. ix. page 77 , 
and find the ftar’s zenith diftance. Take the declination of the ftar 
from table xlvi, and reduce it to the time of obfervation. Now, 
the lum or difference of the zenith diftance and declination, ac- 
cording as they are of the fame, or of a contrary name, will be 
the latitude of the place of obfervation. 

Example. 

December 1, 1 793 * meridian altitude of Sirius was 59 0 50'S, 
height of the eye 14 feet. Required the latitude? 


Obferved altitude Sirius — 50'S. 

Dip and refraftion — — — 4 


True altitude ~ — 59 46 S. 

Zenith diftance — — 30 14N. 

Declination of Sirius — 16 27 S. 


Latitude — — — 13 47N. 

Problem III. 

Given the Meridian Altitude of a Planet, to find the Latitude of 
the Place of Obfervation. 

Rule. 

Compute the true altitude of the planet, as direfled in laft pro- 
blem.* Take its declination from the Nautical Almanac, and re- 
duce it to the time of obfervation. Then the fum or difference of 
the zenith diftance and declination of the planet will be the latitude 
as before. 

Example. 

December to, 1792, the meridian altitude of Saturn was 68 a > 
42' N. and height of the eye 15 feet. Required the latitude? 

Hh 2 01* 

* Being fufficientljr accurate for corre&ing altitudes obferred at fea. 
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Obferved altitude of Saturn — 

68° 

42' N. 

Dip and refradtion — 

— 

4 

True altitude — — 

68 

38 N. 

Zenith dillance — — 

21 

22 S. 

Declination — — — 

7 

26 N. 

Latitude — — • - 

*3 

56 S. 


Problem IV. 

Given the Meridian Altitude of the Moon, to find the Latitude of the 
Place of Obfervation. 

Rule. 

Take the number from table xx. anfwering to the given longi- 
tude, and daily variation of the moon’s palling the meridian; which, 
being applied to the time of tranfit at Greenwich, by addition or 
fubltradtion, according as the longitude is well or call, will give the 
time of palTage over the meridian of the lliip. 

\ Reduce this time to the meridian of Greenwich, and find the 
moon’s declination anfwcring thereto, by prob. vii. page 76, and 
the horizontal parallax and femidiameter, by prob. vm. 

Corredt the oblerved altitude of the moon’s limb, by prob. xi. 
page 79. Hence, the moon’s zenith dillance will be known ; the 
fum or difference of which, and the declination, will be the latitude 
pf the place, as before. 

Example. 

December 24, 1 792, the meridian altitude of the moon’s lower 
limb was 8 1 0 15' N. height of the eye 16 feet. Required the la- 
titude ? 

T. paf. over mer. Green. = ph. 19' } ’s dec. at midn. = 14 0 53'N. 

Equation, table xx. + 4 Eq. to time from mid. — 4 


T. paf. over mer. Ihip — 9 
Longitude in time — 2 

23 

Reduced dec. — 
Moon’s parallax — 
Moon’s femidiameter 
Augmentation — 

14 49 N. 

55 ' 25" 

15 6 
+ 14 

Reduced time — — i 1 

23 

r 


Aug. femidiameter 

15 20 
Obferved 
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Obferved alt. moon’s lower limb r= 8 1 Q 1 5' . o N. 
Augmented femidiameter + 15.3 

Dip — — - 3-8 

Apparent alt. moon’s center — 81 26.5 N. 

Correction, table ix. — — + 8.1 


True altitude — • — — 81 34.6 N. 

Zenith diftance — — 8 23.4 S. 

Declination — — — 14 49,0 N. 

Latitude — — — 6 23.6 N. 


Remark. If the objeft, at the time of obfervation, is in the dp- 
pofite meridian, then the fum of the true altitude, and the comple- 
ment of the declination, will be the latitude. If the altitude is nega- 
tive, it mull be fubll rafted from the polar diftance, in order to ob- 
tain the latitude. 

Examples. 

I. July 1, 1792, in longitude 15 0 W. the meridian altitude of 
the fun’s lower limb was 8° 58', height of the eye 18 feet. Re- 
quired the latitude ? 

Sun’s dec. at noon =23° 4'.3 N. Ob. alt. ©’si. Iim. = 8° 58'.o 
Eq. table xni. to 1 5 0 — .2 Semidiameter — 4. 13.8 

— — to i2h. — 2.2 Dip and refraftion — 9.8 

Reduced dec. — 23 1.9 True alt. — — 9 4-o 

Polar diftance — 66 58.1 — — — <55 58.1 

Latitude — — 76 2.1 N. 


II. May 18, 1793, in longitude 20® E. at midnight, the fun’s 
lower limb was obferved to be in contaft with the horizon, height of 
the eye 1 2 feet. Required the latitude ? 


Sun’s dec. at noon = 19° 36' Obferved alt. — o° o' 

Eq. table xm. to 20° E. — 1 Semidiameter p 16 

— — to 1 2h, +6 Dip and refraftion — 36 


Reduced declination 19 41 Depreflion — — 20 

Polar diftance — — 70 19 — — — 19 


Latitude — — 69 39 N. 


PrOB. 
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Problem V. 


Given equal Altitudes of the Sun obferved the fame Day, -with the Inter- 
val of Time between the Obfervations, to find the Latitude ? 

- Method First, 

Without a fuppofed Latitude. 

Role. 

To the co-tangent of the declination, add the co-fine of half the 
interval in degrees, the fum will be the co-tangent of arch firfi. 

To the co-fecant of the declination, add the fine of the altitude, 
and the fine of arch firfi, the fum will be the co-fine oiarch fecond. 

If the latitude and declination are of the fame name, the fum of 
arches firfi and fecond will be the latitude ; but if of contrary names, 
their difference will be the latitude. 

Example. 

' In north latitude, at nh. io', and at i2h. 40' per watch, the 
altitude of the fun’s limb was the fame; which being corrcfted, was 
26° 55', and the fun’s declination 5 0 17' S. Required the lati- 
tude ? 

Declination- - 5 0 1 7' co-tan. 1.03398 — co-fecant r.03583 
JIalf inter. 45'= 1 1 15 co-fine 9.99157211. 26° 55'. fine 9.65580 

Arch firfi - 5 23 co-tan. 1.02555 — — fine 8.97229 

Arch fecond 62 32 — — — cofine — — 9.66392 

Latitude - 57 9 N. 


Method Second. 

The Latitude by Account being given. 

Role. 

Take the log. anfwering to half the obferved interval from col. 
®f rifing, to which add the log. co-fines of the declination, and lati- 
tude by account. Find the natural number anfwering to the above 
fum, which being added to the natural fine of the corrected altitude, 
will give the natural co-fine of the meridian zenith difiance; and 
hence the latitude is to be found as formerly. 

Example. , 

July 1, 1794, in latitude 42? 50' N. by account, at nh. 30 

A. M. 


Sl. 
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A. M. per watch, the altitude of the Sun’s lower limb was 69* 3', 
and at i2h. 31', the Sun had the fame altitude; height of the eye 
24 feet. Required the latitude? 


Time per watch — 

1 ih. 30' 

Obferved altitude — 69° 3* 

— — — 

12 

31 

Semid. — dip and refr. - -f 1 1 

Elapfed time — 

1 

1 

True altitude — 69 14 

Half elapfed time — 

0 

30 

30" — riling — 2.94656 

Declination — — 

23 

7 

— — co-fine — 9.96365 

Latitude by account — 

42 

5 ° 

— — co-fine — 9.86530 

Altitude — — 

69 

14 

Nat. fine = 93503 

Nat. num. 596 — 2.77551 

Meridian zenith diflance 

r 9 

47 

Nat. cofine 94099 

Declination — 

23 

7 

« 

Latitude — 

42 

54 

N. 


If the (hip makes any confiderable run in the interval between the 
obfervations, the change of altitude in confequence of that run is 
to be eftimated, and the index of the quadrant altered accordingly. 
The obferved interval is alfo to be correfted by the change of longi- 
tude. See prob. vm. The half interval (hould alfo be corrected by 
the equation of equal altitudes, page 8 1 . 

Problem VI. 

Given two Altitudes of the Sun, and the Apparent Times of Obfervation , 
to fnd the Latitude and Declination. 

Rule. 

To the ar-co. of the log. of the difference of the natural verfed 
fines of the times from noon reduced to degrees, add the log. of the 
verfed fine of the greateft interval, and the log. of the difference of 
the natural fines of the corrected altitudes, the fum will be the log. 
of arch firft. 

To the conflant log. 5 30103, add the two laft mentioned logs, 
the fum will be the log. of arch fecond. „ . 

The fum of arch firft, and the natural fine of the lead altitude, 
will be the natural co-fine of arch third and this natural co-fine be- 
ing fubtrafled from arch fecond, leaves the natural co-fine of arch 
fourth. 

Now, half the fum and half the difference of arches third and 
fourth, will be the latitude and declination refpeftively. 

Re- 
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R emark. The apparent time of each obfervation may be found, 
by te king equal altitudes, and correcting the half interval, by the 
equation, anfwering thereto. 

Exa mple. 

At ph. 23' 20", A. M. apparent time, the true altitude of the 
fun’s center was 34 0 29': and at uh. 9' 32" the altitude was 42“ 
19'. Required the latitude ? 

T.fr.n.39 0 io'N.V.S. 22469 log. = 4.35158 con. log. 5.30103 
— 12 37 — 02415 


Differ. 20054 ar.co.log. 5.69780 
Alt. - 42 19 N. fine 67323 
— 34 29 — 56617 

5.69780 

Differ. 10706 log. 

- 4-02963 - - - 

4.02963 

Arc ill — — 11995 — 

^ltf}? 4 2 9 N. fine 5 66i 7 

ar. 2d. ) 
~ 4-079 01 io6?72 J 

C.O2846 

1 

• 

Arc.3d 46 40 N.co-f. 68612 — 

— — 68612 


Arc.4th6y 34 Natural cofine 

— — 38160 



"Sum 1 14 14 half = 57 0 7' N. = latitude. 

Dif. 20 54 half = 10 27 N. = declination. 

Suppofe the above obfervation to have been made fome time be- 
tween June and December, then the time, anfwering to this decli- 
nation, is Auguft 25 th. 


Problem VII. 

Given the Latitude by Account , the Declination , and two obferved At- 
titudes of the Sun , and the Lime elapfed between them ; to find the 
true Latitude. 

Rule. 

To the log. fecant of the latitude by account, add the log. fecant 
of the declination; the fum, rejecting 20 from the index, is the log. 
ratio. To this add the log. of the difference of the natural fines of 
the two altitudes, and the logarithm of the half elapfed time from 
its proper column. 


Find 
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Find this fum in column of middle time, and take out the correfpond- 
ing time, the difference between which and the half elapfed time will 
be the time from noon, when the greateft altitude was obferved.* 
Take the log. anfwcring to this time from column of rifing, from 
•which fubtraft the log. ratio; the remainder is the logarithm of a 
natural number— which being added to the natural fine of the great- 
er altitude, the fum is the natural co-fine of the meridian zenith 
diftance; from which, and the Sun’s declination, the latitude is 
obtained as formerly.f 

If the latitude thus found differs confiderably from that by ac- 
count, the operation is to be repeated, ufing the computed latitude 
in place of that by account, until the latitude laft found agrees near- 
ly with that ufed in the computation. 

Examples. 

I. June 4, 1795, in latitude by account 37 0 N. at ioh. 29' fore-' 
noon per watch, the correfted altitude of the Sun was 65° 24', and 
at I2h. 3 1', the altitude was 74 0 8'. Required the true latitude? 

T. p. watch | Alt. o’s cent. | Nat. fine | Lat. by ac. 37° o' fee. 0.09767 
ioh. 29' 65° 24' 90924 Declinat. 22 28 fee. 0.03428 

12 .31 74 8 96190 

Logarithm ratio — 0.13 193 

2 2 Difference 52 66 — log. — 3.72x48 

11 — — Half elapfed time — 0.57999 

31 10 — Middle time — — . 4.43340 

29 5 ° — — Rifing — — 2.92740 

Log. ratio — 0.13 193 

I 

Natural number — — 624 — 2.79547 

Greateft altitude 74 8 N. fine 96190 


Mer. zenith dift. 14 30 N. co-f. 96814 
Declination — 22 28 


Latitude — 36 58 N. II; 


* The fum of the half elapfed time and middle time may be taken. In this cafe, 
the natural number is to be added to the natural fine of the leaft altitude, to find the 
natural co-fine of the meridian zenith diftance. 

f This method is only an approximation, and requires to be ufed under certain re- 
ftriftions namely: 

The obfervations muft be taken between nine o’clock in the forenoon, and three in 
the afternoon. If both obfervations be in the forenoon, or both in the afternoon, the 
interval muft not be lefs than the diftance of the obfervation of the greateft altitude 
from noon. If one obfervation be in the fotenoon, and the other in the afternoon, 

the 
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II. Offober 1 7, 1 792, in latitude 49 0 48' N. by account, at oh. 
32' per watch, the altitude of the Sun’s lower limb was 28° 32', 
and at 2h. 41' it was 19 0 25', height of the eye 12 feet. Required 
the true latitude? 


Fir ft obferved altitude 

28° 32' 

Second altitude - - 

i 9 ° 2 S t 

Semidiameter — — 

+ 16 

Semidiameter - 

+ 16 

Dip and refraftion — 

~ 5 

Dip and refraflion - 

- 6 

True altitude — — 

10 

00 

True altitude 

' ! 9 35 

T.p. watch | Alt. o’s cent. 1 Nat. fine 

1 Lat.by ac. 49 0 48' fee. 

O.I9OI3 

oh. 32' - 28°43' - 

48048 

Declination 937 fee. 

0.00615 

2 41 - 19 35 - 

335 1 8 

Log. ratio — 

0.19628 



29 — Diffs 

14530 

Log. — — 

4.16227 

1 4 30 — 

Half elapfed time — 

0-55637 

1 37 0 — 

Middle time — — 

4.91492 

32 3 ° — 

Rifing 

. 

3.00164 



Log. ratio 

0.19628 

Natural number — 



639 _ — 

2.80536 

Greateft altitude 38 43 

Nat. fine 48048 

Mer. zenith dift. 6 052 

Nat.co-f. 48687 


Declination 9 37 




Latitude — 51 15 





As the latitude, by computation, differs i° 27' from that by ac- 



count, the operation muft be repeated. 




Computed latitude 51 0 15' 

fecant 

0.20348 


Declination — 9 37 

fecant 

0.00615 

• 

Logarithm ratio — > — 

— 

0.20963 

Log. 


tive interval muft not exceed four hours and a half; and In all cafes, the nearer the 
greater altitude is to noon the better. 

If the Sun’s meridian zenith diftance be lefs than the latitude, the limitations are 
dill more contratted. If the latitude be double the meridian zenith diftance, the ob- 
fervations mult be taken between half paft nine in the forenoon, and half pad two in 
the afternoon, and the interval muft not exceed three hours and a half. The obferva- 
tions muft be taken ftill nearer to noon, if the latitude exceeds the meridian zenitll 
diftance in a greater proportion. See Req. Tab. ad ed. and Brit. Mar. Guide. 
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Logarithm ratio — — 

Difference nar. fines — 14530 

Half elapied time ih. 4' 30" 

log. 

log. 

0.20963 

4.16227 

°- 55 6 37 

Middle time 

— 1 40 20 

log- 

4-92827 

Rifing — 

Logarithm ratio 

— 35 5 ° 

log. 

3.08630 

0.20963 

Natural number 
Greateft alt. 28° 

— 753 

43 N. fine 48048 

— 

2.87667 

Mer. z. dift. 60 
Declination 9 

47 N. cof. 48801 
37 



Latitude - 51 

10 N. 




As this latitude differs only 5' from that ufed in the computation, 
it may therefore be depended on as the true latitude. 

Problem VIII. 

Given the Latitude by account, the Sun’s Declination, two olferved Alti- 
tudes, the elapfed Time , and the Courfe and Difiance run between the 
Obfervations, to find the Ship’s Latitude at the Time of Obfervatum of 
the greater Altitude, 

Rule. 

Find the angle contained between the fhip’s courfe and the Sun’s 
bearing, at the time of obfervation of the leaf! altitude, with which 
enter a traverfe table; and the difference of latitude, anlwering to 
the diftance made good, will be the reduction of altitude. 

Now, if the leaft altitude be obferved in the forenoon, the reduc- 
tion of altitude is to be applied thereto by addition or fubtratftion, 
according as the angle between the fhip’s courle and Sun’s bearing is 
lefs or more than eight points. If the leaft altitude be oblerved 
in the afternoon, the contrary rule is to be applied. 

The difference of longitude in time between the obfervations is 
alfo to be applied to the elapfed time, by addition or fubtraftion, 
according as it caft or weft. This is, however, in many cales fo 
inconfiderable as to be neglected. 

With the corrected altitudes and interval, the Iat. by D. R. and de- 
clination at the time of obfervation of the greateft altitude, the com- 
putation is to be performed by the laft problem. 

Examples. 

I , July 6, 1 793, in latitude 58° 14' N. by D. R. at ioh. 54' A. 

Kk 2 ' M. 
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M. per watch, the altitude of the Sun’s lower limb was 53 0 17'! 
and at ih. 17', the altitude was 52 0 51', and bearing per compafs 
S. W. by W. The drip’s courfe during the elapfed time was 
S. by W. i W, and hourly rate of failing 8 knots, the height of 
the eye 16 feet. Required the true latitude at the time of obfer- 
vation of the greater altitude. 

©’s bearing at 2d obf. S. W. by W. Interval betw. obferv. 2h. 23' 
Ship’s courie — S.byW.$W. Diftance run=2 23x8=19 m. 


Contained angle — 3i points. 

Now, to courfe 3* points and diftance 19 miles, the difference 
pf latitude is 14.7 or 15 miles. 

Firft obferved alt. = 53 0 1 7' Second obfer. altitude 52 0 51' 

Semidiametcr — +16 Semidiameter — + 16 

Dip and refra&ion - — 4 Dip and refraction - — 4 

■ Reduction — — 1 5 

True altitude — 53 29 — 

Reduced altitude — 5 2 48 


Time per watch I Altitude I Nat. fine I Lat. by ac. 58° 14' fee. 
toh. 54' 53° 2 9'- 80368 Declinat. 22 40 fee. 

1 17 — S 2 48 - 79^53 

. Logarithm ratio — 

2 23* Difference - 715 — — log. — 


I 11 30 — 

5 3 ° — 


60 — 


Natural number 
Greatell altitude 


— Half elapfed time 

— Middle time — — 

— Rifing — — 

Log. ratio — — 

— — — 2001 — 
— 53 29 Nat. fine 80368 


Mer. zenith diftance 34 33 N: co-fine 82369 
Declination — 22 40 


Latitude — 


57 13 


0.27863 

0.03491 

°- 3 I 354 

2- 85431 

0.51294 

3.68079 

3.61460 
o- 3 1 354 

3 - 3°”5 


Since 


* The correction of elapfed time is here neglefled. It however may he found thus. 
The variation inferred from the obfervations is about 2* points W. Hence the true 
courfe is S$E, to which and diftance 19 m. the departure is *'.8, and to latitude 57 0 , 
and 2/8 in a lat. column, the diftance is which reduced to time is 20" additive, b*- 
tauie the D. Long, is E. 
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Since the computed latitude differs fo much from that by account, 
it will be neceffary to repeat the operation. 


Computed latitude 

— 57 

°i3'- 

fecant 

— 

0.26643 

Declination — 

— 22 

40 - 

fecant 

• — 

0.03491 

Logarithm ratio 

— — 

— 

— 

log. - 

0.30134 

Difference natural 

fines — 

7 1 5 

— 

- 2.85431 

Half elapfed time 

— 1 

11 30 

— 

log. - 

- 0.51294 

Middle time 

— 

5 20 

— 

log. - 

- 3.66859 

Rifmg — 

I 

6 10 

— 

log. - 

- 3.61686 

Logarithm ratio 

. 

— 

— 

— 

0.30134 

Natural number 

• 

2068 

_ 

_ 

3-3»55* 

Greateft altitude 

53 29 N. fine 

80368 




Mer. zenith dirt. 34 29 N. cof. 82436 
Declination — 22 40 


Latitude — 57 9 

As this latitude differs only 4 miles from that ufed in the compu- 
tation, it may therefore be depended on as the true latitude. 

II. September 13, 1793, in latitude 38° 12’ N. by account, and 
longitude 27 0 W. at 9I1. 28' A. M. per watch, the altitude of the 
Sun’s lower limb was 40° 42', and azimuth per compafs S. E. zS. 
at 1 ih. 16' A. M. the altitude was 53 0 1 1'. The (hip’s courle dur- 
ing the elapfed time was W. I N. at the rate of 9 knots per hour, 
and the height of the eye 1 2 feet. Required the Ihip’s true latitude 
at the time of the fecond obfervation? 

O’s bearing at iftobf. S.E.{E. Reduced declination - 3°34' N. 

Ship’s courfe — W. \ N. Elapfed time — ih. 43' 

Diftancerun=ih.48'X9=i6m. 

Contained angle — 1 1 { points. 

Supplement — 4 {points. 

To courfe 4{ points and diflance run 16 miles, the difference of 
latitude is io'.7, or 11 miles. 

firll obferved altitude 40° 42' Second obferved altitude 53® 11' 
Sun’s femidiameter + 16 Semidiameter — 4-16 

Dip and refraCtion 4 Dip and refraction 4 

Reduction of altitude — 1 1 

Corrected altitude ~ 53 23 

Reduced altitude — 40 43 

— Time 


Digitized by Googl 


( 2 4 6 ) 

♦ 

Time per watch j Altitude | Nat. fine I Lat. by ac. 38° 12' fee. 0.10466 
9h. 28' — 4 °° 43 ' - 65232 Declination 3 34 fee. 0.00084 


11 16 


53 23 - 80264 


48 

54 

37 


Logarithm ratio — o. 10550 


Difference - 15032 7— log. — 

— — Half elapfed time — 


43 

Natural number 


— — Middle time 

— — Rifing 

— 1376 


4-17702 

0.63181 

4 - 9*433 

3-24427 

3-I3877 


Mer. zen. dirt. 35 16 N. cof. 81649 

Declination - 3 34 — — • fecant — 0.00084 

Latitude — 38 50 — — fecant — 0.10848 

Logarithm ratio — — — — — 0.10932 

Difference natural fines — 15032 log. — 4.17702 

Half elapfed time — — o 54 o log. — 0.63181 

Middle time — — 1 37 50 log. — 4.91815 


Rifing — — — o 43 10 log. — 3.26089 


Natural number — — 1418 


3-ISIS7 


Mer. zen. dift. 35 14 Nat. co-fine 81682 
Declination - 3 34 


Latitude — 38 48 N. 

Problem IX. 

To find the Latitude ly double Jltitudes, and the elapfed Time , by 
means of a Table of Log. Sines and Secants only. 

Rule. 

To the log. co-fine of half the fum of the trtie altitudes, add the 
log. fine of half their difference, the log. fecant of the declination, 
the log. fecant of the latitude by account, and the log. co-fecant of 
half the interval of time between the obfervations reduced to degrees ; 
the fum will be the log. fine of arc firft. 

To the log. co-fines of the declination and latitude, add the con- 
flant log. 0.30103, twice the log. fine of half the difference be- 
tween the half interval and arc firll, and the log. fecant of the efti- 

matc 
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mate meridian altitude; the fum will be the log. fine of arc fecond, ■ 
which being added to the greateft altitude, will give the meridian 
altitude, and hence the latitude is found as ufual. 

Example. 

In latitude 57 0 N. by account, at ioh. 51' A. M. the corrected 
altitude of the Sun’s center was 25 0 18', and at ih. o' P.M. the alti- 
tude was 26° 55', the Sun’s declination being 5 0 17' S. Required 
the latitude ? 

Greateft alt. 26° 55' Inter. = 2h. 9' &— ^ = 16 0 7$' = half inter. 

Leaft alt. - 25 18 in degrees. 

Sum — 52 13 half = 26 6 \ co-fine 9.95326 

Difference- 1 37 half = 48! fine - 8.14945 

Declination 5 17 — fecant — 0.00185 co-fine 9.99815 

Latitude - 57 o — fepant — 0.26389 co-fine 9.73611 

Halfinterv. 16 7 j — co-fecant - 0.55637 con. log. 0.30103 

Arc firft - 4 49! — fine — 8.92482 

Difference 11 18 — Eft. mer. alt. 27 0 43' fecant - 0.05293 

Half — 5 39 — twice fine = 8.99322 X 2 = 8.98644 

Arc fccond — o°4i' — fine — 8.07466 

Greateft altitude 26 55 

Meridian alt. - 27 36 
Zenith diftance 62 24 
Declination - - 5 17 

Latitude — 57 7N. 

Problem X. 

find the Latitude by Obfervathns taken near the Meridian and 
Prime Vertical. 

Rule. 

When the Sun is near the eaft or weft points, let its altitude be 
obierved, from which, the eftimated latitude and declination, com- 
pute the Suns diftance from the meridian, by prob. vi. page 91; 
which, being applied to the time of oblervation per watch, will give 
the time per watch when the Sun is in the meridian. 

Now obferve the Sun’s altitude when near the meridian; and 

time 
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the difference between the time per watch of obfervation, and the 
time of noon before found, will be the Sun’s diffance from the meri- 
dian at the time of obfervation — with which, aud the altitude and 
declination, compute the meridian altitude by prob. v. and hence the 
true latitude will be known. 

Allowance is to be made for the change of longitude in the interval 
between the obfervations. 

Example. 

April 28, 1794, in latitude 68° N. by account, andlongitude 15* 
E. at 6h. 45' 34" the correft altitude of the Sun’s center was 17°- 
58', and at nh. 42' 18", the true altitude was 36° 2'. Required 
the true latitude? 


Declination at time of iff obf.= 

= i 4 # 

12' N. at time of 2d = 14 0 16' N. 

Altitude — 

17 0 

58' 


Polar diftance — 

75 

48 

— — co-fecant - 0.01348 

Latitude — — 

68 

0 

— — fecant — 0.42642 

Sum — — 

161 

46 


Half — — 

80 

S3 

— — co-fine - - 9.20768 

Difference — — 

62 

■55 

— — fine — 9.94956 




I9-S97I4 


38 

58 

8 

— — fine — 9-798S7 

Time from noon — 

5 11 

44 


Time p. watch of obfer. 

6 45 

34 


Time p. watch of noon 

11 57 

18 

Lat. 68° 0' co-fine 9.57358 

Time of fecond obfer. 

11 42 

18 

Dec. 14 16 co-fine 9.98640 

Difference — 

IS 

O 

— — fifing - 2.33063 


Natural number ■ — — — 78 — 1.89061 

Greateft altitude — 36 3 Nat. fine 58826 i 


Mer. zenith diftance - S 3 . 55 N. co-fine 58904 
Declination — 14 16 


Latitude — 68 1 1 N. 

If the latitude by account be affiimed 69°, the latitude by compu- 
tation will be 68? 12', differing only one mile from the former com- 
putation. 
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Problem XI. 


Given three Altitudes of the Sun, -with the Intervals of Time between, 
• them, to find the Latitude of the Place of Obfervation , and the Sun's 
Declination. 

Role. 


Find the apparent time of each obfervation, by prob. xv. p. 107 
Then, with any two of the altitudes and the correfponding times 
from noon, compute the latitude and declination, by prob. vi. p. 239. 

Example. 

Let the three altitudes be 57 0 23', 55° o', and 49° 55'; the in- 
terval of time between the two firft 40', and that between the two 
lali 50'. The latitude and declination are required ; and fuppofe 
thefe obfervations to have been taken in 1 794, fome time between 
June and December, the day of obfervation is fought? 

Firft interval 40' — 10 ® half = 58 0'= arc xft 7 gum = II® It' — arc 3d. 

Second inter. 50 = 11 30 h. = 6 15 = arc id j 
Altitude — 57® 13 ' Nat- line 84130 

55 o — *I9IJ diff. *3* 5 — arc 5th. 

49 55 — 76511 - 7719 == arc 4 th. 

Arc iv =7719 ar-co-log. 6.11244 Arc 1. = 5? d fine - 8.94030 fine - 8.9403a 
Arc v. =*3 15 - log- - 3-56455 Arcu.= 6 15 - cof. - 9.99741 fine - 9.03690 

Arc 111 — Tt *5 - line - 9.19014 Arcvn. .08664 - log. - 8.93771 


Arc vi. — — S- 767*3 — -0385 1 

Difference * - - -0*813 - - - ar-co-log. - 1.55085 

Arc vin.’- - 18838' - - - tangent - 9.51803 

Arc m. a - . . n 15 


Time from noon when greateft aid- 7 
tude was obferved - - - - J 

Hence time of obferv. of middle alt. - - 1 7 23 

Time of obferv. 17 *3 N. V. S. - 04567 >“g- - 3-65966 - conft. log. - 5.30103 

7 *3 - - - 00819 

Difference 03738 ar-co-log. - 6.41736 - - - - 6.41736 

Diff. natural fines altitudes - - 01315 - log. - 3-36455 - - - - 3-3“455 

1819 - - - 3-45157 - l-»3863 - 5 09194 

Dealt altitude - 55 o N. fine - 8x915 

31 4 N. co-fine 84744 - - - J - - * 84744 

66 58 - - - - N. co-fine - - - - - 39**9 


Sum - - - 99 1 - half = 49 31 = latitude N. 

Difference - - 34 54 - half =17 17 = declination N. which anfwers to Ang. 3d. 

Kfc P&ou. 
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Given the Sun's 'Declination and Semidiameter, and the Interval of Time 
between the Infants when the upper and tower Limbs of the Sun were 
in the Horizon — to find the Latitude of the Place tf Obfervation. 

Rule. 

To the log. of the Sun’s femidiameter expreffed in feconds, add 
the ar-co-log. of the interval of time in feconds, and the conduct 
log. 9. 1 2494 ; the fum will be the log. co-fine of an arc. 

To the log. fine of the fum of this arc and the Sun’s declination, 
add the log. fine of their difference; half the fum will be the log. 
line of the latitude. 

Examples. 

1. Let the Sun’s declination be 1 8° 24', femidiameter 15' 52", and 
time required to rife 4' 48". Required the latitude? 

Sun’s femidiameter = 15' 52"= 952" — log. - 2.97864 
Interval of time 4 48 = 288 - ar-co-log. 7.54061 


Conflant log. 

— — . 

— — 

9.12494 

Arc — — 

Sun’s declination 

63° 51' 
- 18 24 

— co-fine - 

9.64419 

Sum — 

Difference — 

82 15 
45 27 

— fine — 

— fine — 

9.9960 1 
9.85287 

Latitude — 

57 10 

— fine — 

19.84888 

9.92444 


II. June 21, 179 6, the interval of time between thefetting of the 
lower and upper limbs of the Sun was 3' 56''. Required the latitude? 

Sun’s femidiameter = 1 5' 47" = 947" — log. 2.97635 

Interval of time - 356= 236 - ar-co-log. 7.62709 

Conflant log. — — - — — 9.1 2494 


Arch — 

Sun’s declination 

5 7° 39' 
23 28 

— co-fine - 

9.72838 

Sum — 

Difference — 

81 7 
34 11 

— fine — 

■ — fine — 

9.99476 

9.74961 

Latitude — 

48 10 

— fine — 

19-74437 

9.87218 

CHAP. 
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C H A P. II. 1 ’’ 

Of finding the Variation of the Compafs. 
Introduction. 

• 

T HE attractive power of the magnet was known in Europe, 
about 600 years before the Chriilian tera ; and by the Chine fe 
records it is faid, that its directive property was known in that coun- 
try at lead: 1000 years earlier. The invention of the compafs is by 
fome afcribed to John or Flavia Goya of Amalphi in Naples, about 
the year 1302. It, however, appears from fome verfes,* in a 
French trad, intitled, La Bible de Guyot de Provinsf to have been 
known in that country previous to the year 1 1 80. 

Until the time of Columbus, the direction of the needle was fup- 
'pofed to be exaCtly in the plane of the meridian, and therefore the 
other points were fuppofed to agree with the correfpondent points 
of the horizon. However, in the month of September 1492, Co- 
lumbus firft difcovered the variation of the needle. This diicovery 
is alfo faid to have been made by Sebaltian Cabot in the year 1500. 

Soon after, the variation was found to be different at different 
places. It was however affirmed to be conftant at the fame place; 
but obfervation alfo overturned this hypothefis. In 1635, Mr Hen- 
ry Gellibrand publilhed his difcovery of the change of the variation, 
from a comparifon of his own obfervations with thofe of his pre- 
deceffors. 

The magnetic needle is fubjeCt both to an annual, and to a diurn- 
al vibratory motion. In the firft of thefe, the motion of the north 
end of the needle is in general towards the eaft, from the time of 
vernal equinox to the fummer folftice; and during the other nine 
months, its motion is in general towards the weft. In the fecond, 
the needle is ftationary from noon till about 3h. P. M. and from 
thence till 8 in the evening, it flowly approaches the eaft. It again 
continues ftationary till about 8 in the morning; apd from that time 
till noon, it gradually approaches the weft. 

The 

Puis fe tome la polnte toutc, 

Contre Peftoille, fans doutc; 

Quant li nuis elt tenebre et brune 4 
C’on ne voit eftoille ni lunc, 

L/or font a l’aguille alumcr, 

Puez ne puent ils aflarrer 
Contre leftoillc, vers la pointe; 

Per ce font lc marinier cointc 
De la droite voir tenir; 

C’eft un art qui nc peut raentii* 

Catalogue dc Due dc la Vallierc, N?. 1707, 

Kk 2 


* Icelle leftoille ne fe muet, 

Un arts font qui mentir ne puet, 
Par la vertue de la manete, 

Un pierre laide et brunette, 

Ou li fers volontiers !e jointe/ 
Ont, regardant l’or droit pointe, 
Puez l*une aguile l’ont touchie, 
Et en un feftu Pont fichie, 

1% languc la mettc fens plus, 

Et li feftuc la tient defus ; 
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The magf-ti- ne;d!e has a other property, called the In- 
clination or L>.p. Thus, let a needle before it is rendered magne- 
tical be well balanced ; then give it magnetifm, and the needle being 
fufpended on lame point as before, will now be found to have loll 
its equilibrium; and the angle contained between the direction of 
the needle, an# an horizontal line is called the Dip. This difeovery 
•Was made by chance, in the year 1576, by Mr Robert Norman, a 
compafs maker at Wapping, London. 

Definitions, 

The Variation of the Compafs, is the deviation of the points of 
the mariner’s compafs, from the correfponding points of the horizon, 
and is denominated Eaft or Weft Variation. 

East Variation is when the north point of the compafs is to 
the eaft of the true north point of the horizon. 

West Variation is when the north point of the compafs is to 
the weft of the true north point of the horizon. 

The True Amplitude* of any celeftial objefl, is an arch of 
the horizon, contained between the north or fouth points thereof, 
and the obje&’s center at the time of its riling or fetting. 

The Magnetic Amplitude, is the arch contained between the 
object's center when in the horizon, and the magnetic meridian — 
or, in other words, it is the bearing of the objeft per compafs, 
when in the horizon. 

The True Azimuth of any objeft, is the angle contained be- 
tween the true meridian, and the vertical palling through the ob- 
jeft’s center. 

The Magnetic Azimuth, is the angle contained between the 
magnetic meridian, and the azimuth circle palling through the cen- 
ter of the objeft. 

Use of the Azimuth Compass.^ 

I. To cbfcrve the Sun's Amplitude. 

Turn round the compafs, until the horizontal bar be directed to 
the Sun. Apply the eye to the coloured glafs in the light vane, 
and direft the fight through the magnifying glafs in the other vane; 
now move the box, and cither glafs, till the Sun is fecn thro’ both ; 
then flop the card by the Hide; read off the divifions Ihown by the 
vernier, applying the eye to the top of the neareft vane, and the Sun’s 
magnetic amplitude will be obtained. 

n. 

• The amplitude is commonly reckoned from the eaft or weft points. It, however, 
Teems more proper to reckon it from the meridian. 

+ For a defeription of this compafs, fee M'Culloch’s Report. 
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II. To obferve the Suit's Azimuth. 

If the Sun is near the horizon, the azimuth is obferved in the 
fame manner as the amplitude; but if the Sun be conliderably ele- 
vated, turn round the compafs box till the lhadow of the line join- 
ing the tops of the vanes coincides with the middle line on the hori- 
zontal bar; the card is then to be flopped by the Aide, and the divi- 
fion Ihown by the vernier will be the Sun’s magnetic azimuth. 

Problem I. 

Given the Latitude of a Place, and the Sun’s Magnetic Ampli- 
tude, to find the Variation of the Compafs. 

Rule. 

To the log. fecant of the latitude, add the log. fine of the Sun’s 
declination; the fum will be the log. co-fine of the true amplitude, 
to be reckoned from the north or fouth, according as the declination 
is north or fouth. 

The difference between the true and obferved amplitudes, reck- 
oned from the fame point, and when of the fame name, is the varia- 
tion ; but if of a different denomination, their fum is the variation. 

If the obfervation be made in the eaftern hemifphere, the variation 
will be eafl or weft, according as the obferved amplitude is nearer 
to, or more remote from the north than the true amplitude. The 
contrary rule holds good in obfervations taken in the weftern hemi- 
fphere. 

Or, let the obferver be fuppofed to look direftly towards the 
point reprefenting the true amplitude, then, if the obferved ampli- 
tude is to the left of the true amplitude, the variation is eafterly — 
but if to the right, it is wcfterly. 

Examples. 

I. May 15, 1794, in latitude 33° 10' N. and longitude 18 0 W. 
about 5I1. A. M. the Sun was obferved to rife E. by N. Required 
the variation? 

Sun’s decl. May 15. at noon — i8°58' N. 

Eq. from tab. xm. to 7h. from noon — 4 

— — to i8°,W. — + r 

Reduced declination — 18 55 

Latitude — — . — 33 10 

True amplitude — — N. 67 13 E. 

Obferved amplitude — N. 78 45 E. 

Variation — - — ■ 11 3? Which is weft, bccaufe 

the 


— fine - 9.51080 

— fecant - 0.07723 

— co-fine - 9.58803 
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the magnetic amplitude is more difiant from the north than the true 
amplitude, the obfervation being made in the eafiern hemifphere. 

II. December 20, 1793, in latitude 31 0 38' S. and longitude 
83° W. the Sun was obferved to fet S. W. Required the variation? 

The Sun’s declination at the time of obfervation is nearly the fame 
as at Greenwich at the noon of the given day, namely 23 0 28' S. 

Latitude — 31 0 38' — — fecant 0.06985 

Declination — 23 28 — — fine - 9.60012 


True amplitude - S. 6% 7 W. ' — cofine 9.66997 

Obfer. amplitude S. 45 o W. 


Variation — 17 7 

Which is eaft, becaufe the obferved amplitude is to the left of the 
true amplitude. 

If the Sun’6 amplitude be obferved at the inftant its center is in the 
vifible horizon, an allowance depending on the horizontal refrac- 
tion, the horizontal parallax, the height of the eye, and the latitude 
of the place is to be applied to the oblerved amplitude, in order to 
obtain the amplitude of the objeff, when in the true horizon. This 
however may be avoided, by obferving the amplitude when the alti- 
tude of the Sun’s lower limb is equal to the lum of 15' and the dip 
of the horizon. Thus, if an obferver be elevated 1 7 feet, the am- 
plitude fhould be obferved, when the altitude of the Sun’s lower 
limb is 19'. 

Problem II. 

Given the Magnetic Azimuth, the Altitude , and Declination of the 

Sun, together -with the Latitude of the Place of Obfervatioiii tn 

fnd the Variation of the Compafs. 

Rule. 

Reduce the Sun’s declination to the time and place of obfervation, 
and compute the true altitude of the Sun’s center. 

Find the fum of the Sun’s polar difiance and altitude, and the lat. 
of the (hip. Take the difference betweerrjfthis fum and the polar 
diftance. 

To the log. fecant of the altitude, add the log. fecant of the lati- 
tude, the log. co-fine of the half fum, and the log. cofine of the dif- 
ference; half the fum of thefe will be the log. fine o%he Sun’s true 
azimuth, to be reckoned from the fouth in north latitude, but from 
the north in fouth latitude. 

The 
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The difference between the true and obferved azimuths will be 
the variation as formerly. 

Examples. 

I. November 18, 1793, in latitude 50° 22' N. longitude 24 % 
30' W. about three quarters pall eight A. M. the altitude of the 
Sun’s lower limb was 8° 10', and bearing per compafs S. 23 0 18' E. 
height of the eye 20 feet. Required the variation ? 


O’s dec. 1 8 Nov. at noon I9°25'S. Obferved altitude 1 . limb = 8° 10' 
Eq. tab. xiii. to 31 h. — 2 Semidiameter — +16 

— to24°3o'W. + 1 Dip and refraftion - — 10 


Reduced declination 

- - 19 24 

True altitude — 

8 i<S 

Polar diflance — 

I OQ 24 

— - . 


Altitude — 

— 8 16 • 

— — fecant — 

0.004 C 4 

Latitude — - 

~ 5° 22 - 

— — fecant — 

O.19527 

Sum — — 

l68 2 



Half — — 

84 I ■ 

— — co-fine — 

(3.01802 

Difference — 

25 23 • 

— — co-fine — 

9.9559I 




J SM 7375 


22 43 ■ 
2 

— — fine — 

9.58687 

* * 

True azimuth — 

S. 43 26 E. 



Obferved azimuth - 

S. 23 18 E. 



Variation — 

22 8 




Which is wefterly, becaufe the obferved azimuth is to the right of 
the true azimuth. 

II. January 3, 1794, in latitude 33 0 52' N. longitude 530 13' 
E. about half pall three, the following alt. and azimuths were ob- 
ferved, the height of the eye being 20 feet. Required the variation? 


Ob. alt. o’s 1 . 1.41 “38' Azim. S.49°44'W. ©’s dec. at noon 2i°24'S. 


41 17 . — 50 28 Eq.tot.fm.noon — 

40 39 — 513 Eq. to longitude + 


Mean — 41 18 — 30 25 

Semidiameter 16 
Dip and refr. — 6 


Reduced decl. 21 24 S. 
Polar diftance 1 1 1 24 


True altitude - 41 28 


polar 
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Polar diftance — 

Altitude — — 

Latitude — — 

ill 24 
41 28 — 
33 52 — 

— fecant — 

— fecant — 

0.12532 

0.08075 

Sum — — 

Half — «- — 

Difference — 

186 44 
93 22 — 
18 2 — 

— co-finc - 

— co-line - 

8.76883 

9.97558 


17 23 — 
2 

— fine — 

18.95048 

9-47524 

True azimuth — 

S. 34 46 W. 




Magnetic azimuth — S. 50 25 W. 

Variation — — l S 39 

Being weft, becaufe the obferved azimuth is to the right of the true 

azimuth. 

It is common for one perfon to obferve the Sun’s altitude at the 
feme inftant that another is taking the azimuth. Thefe obferva- 
tions may however be made by the fame perfon, by taking feveral 
azimuths and altitudes alternately, remembering to end with an ob- 
fervation of the fame kind that was firft taken. 


III. Auguft 13, 1788, in latitude 57 0 7' N. longitude 2 0 j'W. 
about half paft eight in the morning, the following obfervations 
were taken, the height of the eye being 14 feet. Lach quadrant 
of the card of the compafs with which the azimuths were obferved, 
was divided into 96 equal parts. Required the variation ? 

Azimuth Sun’s center S. 43 °-S E. Alt . S „ n ’s low. limb 
43-3 _ _ _ 

43 -° _ _ _ 

4 2 -5 _ _ _ 

42-3 


Mean 


14.6 

42.92 


"96 


3 l 

3 1 

31 

32 


>38' 

47 

55 

3 


203 


Mean — — -■ 

31 S°l 

Semidiameter — 

•|* l 6 

Dip and refraction 

~ Si 

True altitude — 

32 I 


Sun’s 
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Sun’s decl. 13th Aug. i4°26'N. 

Eq. to reduced time - + 3 


Reduced declination 
Polar diftance — • 

Altitude — 

Latitude — * 

14 29 N. 

75 3i 

32 1 — 

57 7 — 

— fecant — 

— - fecant — 

o.07i(5<5 

0.26526 

Sum — 

Half — — 

Difference — 

164 39 
82 ipi — 
6 48$ — 

— co-fine — 

— co-fine — 

9.12565 

9.99693 


32 28 — 

2 

— fine — 

19.45950 
9- T *97£, 

True azimuth — 
Obferved azimuth - 

S. 64 5 6 E. 
S. 40 14 E. 


* 

Variation — 

24 42 W. 




Problem III. 

To find the Variation of the Compafs by equal Altitudes of the Suttt 

Rule. 

Let the Sun’s altitude be obferved in the eaftern hemifphere* 
when its meridian diftance exceeds two hours, and at the fame in- 
ftant let another obferver take the azimuth. Then, when the Sun 
comes to the fame altitude in the afternoon, let the bearing of its 
center be again obferved. Now, half the difference between the 
eaftern and weftern azimuths will be the variation — which, when 
the obfervations are made in the fouthern hemifphere, will be eaft, 
or weft, according as the eaftern or weftern azimuth is greateft. — ■ 
The contrary rule is to be applied, when the azimuths are obferved 
in the northern femicircle. 

Remark. The weftern azimuth will be affeCted by the change 
of declination in the interval between the obfervations. This cor- 
rection may be found thus : 

To the log. co-line of the latitude, add the log. fine of the horary 
angle, and the log. of the change of declination in the elapled time; 
the fum will be the log. of the correction of azimuth — which is ad- 
ditive to the weftern azimuth, when the objeCt is approaching the 
elevated pole, but fubrraCtive, if receding therefrom. 

LI Exam- 
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Example. 

In the forenoon, the bearing of the Sun’s center per compafs was 
S- S. E. I E. the altitude of its lower limb being 40° 18', and in the 
afternoon, when the Sun had attained the lame altitude, the azi- 
muth was S. W. by W. i W. Required the variation ? 

Eaftem azimuth = S. S. E. ■£ E. r: S. 1 q E. 

We (tern azimuth = S. W. by W. f W. = S. 5iW. 


Difference — — — 2 1 

Variation — — — — i$W. 


Problem IV. 

To find the Variation of the Compafs, by Obfervat'wns of equal Alti- 
titudes taken at different Places, the Courfe and hourly Rate of Sail- 
ing being given. 

Rule. 

Find the diftance run in the elapfed time, and hence the differ- 
ence of latitude. CorreCt the obferved interval by the difference 
of longitude. 

To the log. fecant of the latitude at noon, add the log. co-tangent 
of the half elapfed time, and the log. of the difference of latitude; 
the fum will be the log. of the correction of azimuth — which is to 
be applied to the weftern azimuth, by addition or fubtraction, ac- 
cording as the lhip’s latitude is decreafing or increafing. Apply 
alfo the change of azimuth arifing from the change of declination — 
hence the reduced azimuth will be obtained. Then, half the diffe- 
rence between the caftern and weftern azimuths will be the varia- 
tion, as formerly. 

Example. 

April 23, 1795, at 8h. 44' A. M. per watch, the Sun’s azimuth 
per compafs was S. 59 0 4' E. and at 3I1. 20' P. M. the Sun’s azi- 
muth was S. 8 1 0 17' W. the altitude being the fame as in the fore- 
noon. The latitude of the Ihip at noon was 41 0 48' N. and courfe 
per compafs W. S. W. at the rate of 7 knots an hour. Required 
the variation ? 

The interval of time is 6h. 36', which multiplied by 7 knots, 
gives 46 miles nearly, the diftance run. By comparing the obferv- 
ed azimuths, it appears the variation is about one point wdl^-hence 
the corrected courfe is S. W. by W. to which, and diftance 46 
miles, the difference of latitude is 25.6, and departure 38.2, Now 

t* 
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to latitude 41° 48' or 42 0 , and i9'.i half the departure, the differ- 
ence of longitude is 26 miles — which fubtra&ed from 49 0 30', half 
the elapfed time in degrees, the remainder 49 0 4' is the reduced 
half interval. The change of declination in the elapfed time is about 
6 minutes. 

Latitude - 4i°48' fecant - 0.12757 — — cofine 9.87243 

Half interval 49 4 co-tang. 9.93814 — — fine - 9.87822 

Diff. of latitude - 25.6 log. - 1.40824 ch. of dec. =6'log. 0.77815 

Correction — 29.8 log. - 1.47395 Correction 3.4 0.52880 

Weftern azimuth — — S. 81 0 17'W. 

Firft correction — — — + 29.8 

Second correction — — + 3.4 

Weftern azimuth corrected — S. 81 50 -W. 

Eaflern azimuth — — S. 59 4 E. 

Difference — — — 22 4 6 

Variation — — — — 1 1 23 W. 

Problem V. 

Given the Latitude of a Place, the Sun’s Declination and Magneti c 
Azimuth , and the Apparent Time of Obftrvation — to fnd the Va- 
riation f the Compfs. 

Rule. 

To the log. co-tangent of the Sun’s declination, add the log. co- 
fine of its diftance from the meridian in degrees; the fum will be the 
log. co-tangent of arc firft — which being iubtraCted from, or added 
to the latitude of the place of obfervation, according as they are 
of the fame, or of a different name, the difference or fum will be 
arc fecond. 

Now, to the log. co-tangent of the Sun’s difiance from the 
meridian in degrees, add the log. fecant of arc firft, and the log. 
fine of arc fecond; the fum will be the log. co-tangent of the true 
azimuth, from the fouth in north latitude, otherwife from the north. 
The difference between the true and obferved azimuths will be the 
variation. 

Example. 

Auguft 18, 1792, in latitude 41 0 46' N. longitude 144° 20' W. 
at 9h. 1 3' 44* A. M. apparent time, the magnetic azimuth of the 
Sun’s center was S. 80? 20' E. Required the variation? 

App. 
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App. time obf. gih. 1 3' 44" A. M. © ’s dec. at noon at Gr. 1 2® 5 1’ N. 

Equation to 2h. 46' - + 2 

Timefm.noon2 46 i6=4i®34' — to i44°2c/W.— 8 


Reduced declination - 12 45 N. 
Declination — I2®45'- co-tang. - 0.64536 
Sun’s mer. dift. 41 34 - co-fine - 9.87401 - co-tangent 0.05217 

Arc firft — 16 50 - co-tang. -0.51017 - fecant - - 0.01902 
Latitude — 4146 N. 

Difference — 24 56 — — — fine — 9.62486 

True azimuth — — S.63 38 E. - co-tangent 9.69505 

Obferved azimuth — — S. 80 20 E. 


^Variation — — — 16 42 E. 

The obferved azimuth being to the left of the true. 

Problem VI. 

Given the Latitude of a Place, the Sufi’s Declination and Magnetic 
- Azimuth , and the Interval between that Obfervation and the Time 
of Sun Rj/ing or Setting — to find the Variation of the Compafs. 

Rule. 

To the log. tangent of the latitude, add the log. tangent of the 
declination; the fum will be the log. fine of an arc, which, when 
the latitude and declination are of the fame name, is to be added to 
90°, but when of different names, to be fubtrafted therefrom. 

From this arc take the obferved interval of time in degrees; the 
remainder will be the Sun’s diflance from the meridian — with which, 
the declination and latitude, the true azimuth is to be found by laft 
problem — and hence the variation of the compafs will be known. 

-a Example, 

February 16, 1793, in latitude 36° 18' N. long. 33 0 24' Wi 
the Sun’s magnetic azimuth was S. 59 0 40' W. at 3I1. 12'P. M. and 
at 5I1. 26' the Sun was obferved to be in the true horizon. Re- 
quired the variation? 

Time of obf. 3h. 1 2 Sun’s dec. 16. at noon at Green. 1 2° 4' 

5 26 Equation to middle interval - — 3 

— to long. 33 0 24' W. — 2 

Interval — 2 i4 = 33°3o' -- - ■ 1 ■ — 

Reduced declination — x 1 59 

Lati- 
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Latitude - - 36° 1 8' 

( *161 

» 

tangent 

— ~ 9.86503 

Declination 1159 

— — 

tangent 

GS ~ 9-32685 

* 8 58 

— — 

fine 

- — 9.19288 

Subtract from 90 

Remainder -81 2 

Interval — 33 30 

*1 

1 v 1 # 
t 

. - 

Dirt. fm. mer.47 3 2 

— co-fine - 

• 9.82941 

- co-tang. 9.96155 

Declination 11 39 

— co-tang. 

°- 6 73 *5 


Arc firft - 17 27 

— co-tang. 

0.5025 6 

- fecant - 0.02046 

Latitude - 36 18 N. 

Arc fecond - 53 45 — — 

■ 

fine — 9.90639 

True azimuth — 

S.52 0 17'W. 

— 

co-tang. 9.8884a 

Magnetic azimuth - 
Variation — 

S. 59 40 W. 
7 23 W. 
Problem 

VII. 

- 


Given the Declination and Altitude of the Sun, its Magnetic Ampli- 
tude, and the Interval of lime between the Obfervationt — to find 
the Latitude, and Variation of the Compafs. 

Rule. 

To the log. line of half the elapfed time, add the log. co-fine of tlie 
declination; the fum will “be the log. fine of the half of arc firft; and 
the fum of the log. fines of half the elapfed time and declination 
will be the log. co-tangent of arc fecond. 

To the log. co-fecant of arc firft, add the log. fine of the alti- 
tude; the fum will be the log. fine of arc third. Subtradl the fum 
of arcs fecond and third from 1&0 0 , the remainder will be arc 
fourth — to the log. fine of which, add the log. co-fine of the decli- 
nation ; the fum will be the log. fine of the latitude. And to the 
log. cofine of arc fourth, add the log. co-tangent of the declination; 
the fum will be the log. tang, of the true amplitude, to be reckoned 
from the north, when the declination is north, but from the fouth 
when the declination is fouth — and hence the variation will be ob- 
tained. a 

Example. 

Auguft j, 1 795, the Sun was obferved to rife at 3h. 58' per 

watch. 
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watch, and amplitude then was N. 8o° o' E. and at 8h. 58', the 
true altitude of the Sun’s center was 38° 34'. Required the lati- 
tude of the place of obfervation, and the variation of the compafs ? 

Interval 5I1. o' 

Half 2 30 = 37°3o' line - 9.78445 — tangent 9.88498 

Declination -180 co-fine 9.97821 — fine — 9.48998 


35 23 fine - 9.76266 arc 2d 76°4o'co-t. 9.37496 

Arc firft — 70 46 co-fec. 0.02494 

Altitude — 3 8 34 fine - 9.79478 

Arc third — 41 19 fine 9.81972 

Arc fecond - 76 40 


Sum — , 117 59 

Subtradf from 180 o 

9 

Arc fourth - 62 1 fine 9.94600 — co-fine - -9.67137 

Declination - 18 o co-fine 9.97821 — co-tang. 0.48822 

Latitude — 57 7 ^' U3e * 9-92421 am. N. 55 i8E.tan.o. 15959 

Obferved amplitude - N. 80 oE. 


Variation — — 24 42 W. 

Problem VIII. 

Given the Declination , and two obferved Altitudes and Azimuths of 
the Sun — to find the Latitude of the Place of Obfervation , and the 
Variation of the Compafs.* 

Rule. 

-To the log. verfed fine of the difference of the obferved azimuths, 
add the log. co-fines of the corrected altitudes; find the natural 
number anfwering thereto, which being added to the natural verfed 
fine of the difference of altitude, the fum will be the natural verfed 
fine of arc firft. 

To 


* If the true azimuths be given, the latitude may be found independent of the Sun’s 
declination by the following formula, in which a reprefents the leaft altitude, b the 
greater altitude, c the lead azimuth, and d the greateft azimuth. 


Tangent latitude = * - c°f- >■ 
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I 

To the log. fine of arc firft, add the log. fine of the difference of 
azimuth, and the log. co-fine of the greateft altitude; the fum will 
be the log. fine of arc fecond. 

To the log. tangent of the Sun’s declination, add the log. tangent 
of the half of arc firft; the fum will be the log. co-fine of arc third. 
The difference between arcs fecond and third will be arc fourth, if 
the latitude and declination are of the fame name; but if of a con- 
trary name, fubtraff arc fecond from the fupplement of arc third, 
and the remainder will be arc fourth. 

Now, to the log. verfed fine of arc fourth, add the log. co-fine 
of the leaft altitude, and the log. co-fine of the declination; the nat. 
number anfwering to this fum being added to the nat. verfed fine of 
the difference or fum of the leaft altitude and declination, according 
as the latitude and declination arc of the fame, or of contrary names ; 
the fum will be the nat. co-verfed fine of the latitude. 

Then, to the log. fine of arc fourth, add the log. co-fine of de- 
clination, and the log. fecant of the latitude; the fum will be the 
log. fine of the true azimuth, when the greateft altitude was obferv- 
ed. Hence the variation will be known. 

Example. 

Auguft 25, 1788, in the forenoon the Sun’s magnetic azimuth 
was S. 27 0 41' E. and corrected central altitude 33 0 14'. After- 
wards the magnetic azimuth was S. 9 0 53' W. and true altitude 
42 0 36'. Required the latitude and variation ? 

Firft ohf. azim. S. 27 0 41' E. 

Second obf. az. S. 9 53 W. 

Difference - - 37 34 - - Nat. ver. fine - 20736 - - - log. - * 4.3 167* 


Firft altitude -33 14------ - co-fin c ------ 9.92244 

Second altitude -42 36 - -- -- -- co-line ------ 9.80694 

Difference - 9 22 - - Nat. ver. fine - 01333 

12767 ------- 4.10610 


Arc firft - - 30 48 - - Nat. ver. fine - 1 4 100 - - co-feeant - 0.29069 

Half arc firft - 15 24 tangent -9.44004 DifF. azim. - 3 7 0 34' fine - 9.78510 

Declination - 10 30 tangent - 9.26797 Greateft alt. 42 36 co-fine - 9.86694 

Arc third - - 87 4 co-fine - 8.70801 Arc fecond - 61 13 fine - - 9.94273 

Arc fecond - 61 13 # 


Arc fourth - 
Leaft altitude - 
Declination 

33 

10 

5 1 log. verfed fine - 4.00027 - - 

14 - - co-fine - 9.92244 

30 - - co-fine - 9.99267 - - 

- fine - - 

- co-finc - 

9-6393° 

9.99767 

-•W 

Difference 

22 

44 N. V. S. - 07769 

08130 - 3.91338 




Latitude - - 

si 

8JN.C0V. S. 15999 - - - - - 

- fecant - 

0.16SSS 




True azimuth - S. 52 12 E. - 
Obferved azimuth S. 27 41 E. 

- fine - - 

9.8977* 




Variation - - - 24 31 W. 


UpOD 
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Upon account of the variation of the compafs, the true courfe be- 
tween. any two places is different from the courfe per compafs. The 
true courfe is found by the common rules of navigation ; and if the* 
variation of the compafs be known, the magnetic courfe may be ob- 
tained. Again, in order to determine a (hip’s place from the courfe 
fleered and didance run, the courfe muft be previoufly correfted by 
variation. The method of applying the variation in thcfe cafes, is as 
follows: 1 

Problem IX. 

Given the True Courfe between any two Placet , and the Variation 
of the Compafs — to find the Courfe per Contpafs. 

Rule. 

The variation being allowed to the right or left of the true courfe, 
according as it wefterly or eaflerly, will give the courfe per compafs. 

Example. 

Required the courfe per compafs from the Lizard to St Mary’s, the 
true-courfe being S.W.fW . and the variation at the Lizard 2 f points 
weft? 

Two and a fourth points being allowed to the right ofS. W. fW. 
gives W. S. W. i W. the magnetic courfe. 

Problem X. 

Given the Courfe per Compafs , and the Variation — to find the true Courfe. 

Rule. 

The variation if wefterly being allowed to the left of the courfe 
fleered, or to the right if eafterly, will give the true courfe. 

Example. 

Let the courfe fleered be S. E. f E. and the variation if points W. 
Sought the true courfe? 

One and a half points allowed to the left of S.E. i E. gives E.S.E. 
the true courfe. 


END OF THE FIRST VOLUME. 
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Plate. vii 


Fig. 34. ' Fig.35 
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